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Abstract
Predators often have strong top-down effects on ecosystems and are considered a
priority for conservation and management. Predator activity can influence prey
distribution, abundance, and foraging behaviors and are likely to influence habitat by
impacting ecological and environmental characteristics as well as presence of competitor
species. There are knowledge gaps of the functional diversity of fish assemblages, nonconsumptive predator effects, and environmental effects on fish assemblages. With this
study, effects of top marine predators, such as sharks and great barracuda, on diversity
and abundance of prey communities were examined in putative low (north side of South
Bimini = lagoon) and high-risk (south side of South Bimini = flat) areas around South
Bimini, The Bahamas. Baited remote underwater video surveys (BRUVs) deployed in the
nearshore habitat captured abundance and potential predator-prey interactions. Predator
and prey abundances at each site were compared to determine potential risk affect within
high and low risk environments. A general baseline of predator and prey species was
established throughout six months of observation (January- June 2018). Results showed a
difference in prey communities between high and low risk habitats. Teleost abundance
was highest on the south side of South Bimini. There were no differences in flight
behavior of prey from predator (sharks vs barracuda). Longitude, depth, temperature,
salinity, and dissolved oxygen were significantly linked to biotic assemblages. The
identification of significant factors influencing predator-prey interaction is important in
understanding community composition and for future implementation of conservation
and management practices pertaining to nearby mangrove and seagrass habitats.
Key Words: Top-down effect, predator, prey, risk, abundance, diversity, predator-prey
interaction, Baited remote underwater video surveys (BRUVs)
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Introduction
Understanding inter-species interactions in a predator prey context and how these
may differ between habitats is important to implementing effective ecosystem
management from both a fisheries and conservation perspective. Ecological information
pertaining to the diversity, distribution, and abundance of sharks and teleosts is vital in
developing these strategies. Predator and mesopredator communities exert top-down
pressure on prey species, which can impact community dynamics by altering habitat
utilization, foraging behavior, energetic demands, and competition (Heupel et al. 2014;
Schlaff et al. 2014). Risk of predation can help determine prey distribution, abundance,
and foraging habits.
Areas with active marine protected areas (MPAs) provide relatively undisturbed
conditions (e.g., reduced fishing pressure, managed resources, protected habitat) for
scientists to examine predator-prey dynamics and their environmental influence. North
Bimini Marine Reserve (NBMR) was proposed by the government of the Bahamas in
January 2000 (Marine Conservation Institute 2019; Jennings et al. 2012). Marine
protected areas are established to restrict human activity for conservation purposes, to
protect natural and cultural resources, protect ecosystems, and sustain fisheries
populations. There are many forms of MPAs, including marine sanctuaries, estuarine
research reserves, ocean parks, and marine wildlife refuges. Conservation of biodiversity
and ecosystem service maintenance are the main objectives of MPAs (Colton and
Swearer 2010; Jennings et al. 2012; Ward-Paige 2017). An important component of
MPAs are designated “no take” zones, which have proven to be a valuable tool in the
management of marine resources by establishing undisturbed habitat, making the
protected ecosystem more assessable from a baseline perspective (Babcock et al. 1999;
Wise 2014). Effective MPAs are important spatial mechanisms for conservation and
resource management, and can provide an efficient representation of biodiversity within
“no-take” sanctuaries (Wise 2014; Malcolm et al. 2016). In Bimini, the proposed NBMR
from 2000 is designed to safeguard sport-fishing and tourism in the area and is
established as a no-take zone that states no fishery product can be harvested and no
disruptions to the marine environment can occur without special permissions (Bounds
1978; Malcolm et al. 2016). An increasing implementation of no-take zones within MPA
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spatial planning has highlighted the need for better non-invasive survey methods to
monitor change, especially for areas or depth regions that are problematic for divers to
survey (Hannah et al. 2014). In 2009, the NBMR was officially declared during a widely
publicized Town Meeting by the Bahamas Environment, Science, and Technology
Commission (BEST Commission) (Woon 2015). It has not been fully implemented and
formalized by the Government of the Bahamas (Wise 2014; Woon 2015; Marine
Conservation Institute 2019). However, shark fishing in all of The Bahamas has been
prohibited since 2011 after an amendment was made to the Fisheries Resources Act,
making the Bahamas a shark sanctuary (Haas et al. 2017). This act is designed to protect
all shark species by banning commercial shark fishing, imports, and exports. More
recently, a Marine Protection Plan was created by members of the Bahamas Protected
project team, an initiative to support the government’s commitment to manage and
expand MPAs in the Bahamas, to protect 20% of the country’s seabed by 2020 (Bahamas
Protected 2018). This plan has been submitted to the Government of The Bahamas to
expand current MPAs in the Bahamas in order to protect future jobs, the environment,
and the Bahamas natural resources and food (Bahamas Protected 2018).
One of the functions of the proposed marine reserve is to protect the remaining
mangrove wetlands in Bimini, which serves as the only mangrove habitat on the western
edge of the Grand Bahamas Bank and is crucial to tourism and fisheries health (Woon
2015). Mangrove habitat is defined by the presence of prop-roots and pneumatophores
(aerial root specialized for gaseous exchange) with overhanging branches in the intertidal
zone (the shallow zone along the coast between land and sea) limited to tropical and
subtropical regions (Laegdsraard and Johnson 2001; Nagelkerken et al. 2008).
Mangroves are characterized by climate (e.g. temperate, tropical), sedimentation (e.g.
fine sand, mud), and tidal currents (e.g. intertidal) (Nagelkerken et al. 2008). Tropical
and subtropical mangroves are recognized worldwide as important nursery habitat for
juvenile fish and invertebrates due to the structural complexity of mangrove prop-roots
(Laegdsraard and Johnson 2001; Whitfield 2017). Mangroves cycle nutrients (Boyer et
al. 2004), provide protection from predators (Nagelkerken et al. 2008), and exhibit high
productivity (Sheridan and Hayes 2003; Granek et al. 2009). Mangroves that fringe
shallow shorelines, as in Bimini, provide important intertidal and subtidal nursery
5

habitats due to their intricate prop-root systems maximizing resource availability and
minimizing predation risk (provide refuge) (Thayer et al. 1987; Robertson and Duke
1987; Robertson and Duke 1990; Laegdsgaard and Johnson 2001; Trave and Sheaves
2014, Stump et al. 2017). The Bahamas lack quantitative data on faunal communities and
their role and use of mangrove communities (Newman et al.2007). Understanding the
value of mangrove habitat during all potential life stages of teleost species and sharks is
important for their conservation and management.
Seagrass meadows are also recognized as important habitats for fish and
invertebrates and play a fundamental role in maintaining local biodiversity (Newman et
al. 2007; Trave and Sheaves 2014). Seagrass evolved from a single lineage of flowering
plants (monocotyledonous) that have adapted to exist submerged in the ocean (Orth et al.
2006). Contrastingly, other marine plant groups such as salt marsh plants, mangroves,
and marine algae are descended from multiple diverse evolutionary lineages (Orth et al.
2006). Seagrass beds are found in shallow coastal areas and are characterized by
vegetation, buried root and stem under substrate, flowers and seeds, and dense leaves
(Duarte et al. 2010; Kholis et al. 2017). Seagrass meadows have colonized all but the
most polar seas and are a good area for sheltering, spawning, and foraging for many fish
and invertebrate species (Orth et al. 2006; Kholis et al. 2017). Like mangroves,
seagrasses serve as a nursery ground for juvenile organisms (Orth et al. 2006; Whitfield
et al. 2017). There are conflicting studies that discuss seagrass habitats having high
diversity of teleost species (Newman et al. 2007; Kholis et al. 2017) and having low
species diversity (Orth et al. 2006). Seagrasses in coastal waters are directly in the path of
watershed nutrients (e.g. carbon, nitrogen, phosphorous) through precipitation and runoff,
unlike mangrove forests which are largely unaffected by water quality (Orth et al 2006).
Newman et al (2007) concluded that mangrove fish and invertebrate community biomass,
abundance, and diversity decreased during the night with a subsequent increase of these
communities in seagrass meadows. Seagrass habitat has high primary production (from
seagrass blades, algae, and phytoplankton) and exhibit varying degrees of complexity in
small areas (Heck and Wetstone 1977; Klumpp et al. 1993; Granek et al. 2009; Duarte et
al. 2010). Seagrasses act as ecological engineers, influencing physical, chemical, and
biological environments by altering water flow, nutrient cycling, and food web structure
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(Orth et al. 2006). Seagrasses provide a source of carbon to the detrital environment. The
carbon is transported to the deep sea, providing organic matter to food-limited
environments (Orth et al. 2006; Duarte et al. 2010). Rhizomes (continuously growing
horizontal underground stem), seagrass leaves, and roots modify currents and waves, trap
and store sediments and nutrients, and filter nutrient inputs to the coastal ocean
(Suchanek et al. 1985; Orth et al. 2006). Losses of seagrass meadows have occurred due
to nutrient and sediment runoff, hydrological alterations (e.g. water diversion,
exploitation of groudwater aquifers), and commercial fishing practices (Orth et al. 2006;
Rosenberg et al. 2000). Risk analysis and forecasts of anthropogenic and climate stresses
can inform conservation and management strategies for the preservation and
enhancement of seagrass meadows.
In this study, I examined the composition and predator and prey relative
abundance using baited remote underwater video surveys (BRUVs) to passively record
species composition and abundance, and predator-prey interactions in the presence of
bait. This is a continuation of a multi-year study that classifies species dynamics and
diversity around the island of Bimini. Predator communities of sharks and great
barracuda were examined to understand how they impact prey community dynamics in
areas of low and high risk of predation. Risk was established from species observations in
previous studies located in Bimini (high risk: south side of South Bimini; low risk: north
side of South Bimini). Bimini is situated on the western edge of the Grand Bahama Banks
and the eastern edge of the Gulf Stream (Hansell et al. 2018). The northern side of south
Bimini is characterized as a semi-enclosed shallow flat bordered by mangroves and is
exposed to the Grand Bahama Bank to the east and a channel opening to the south. The
southern side of South Bimini is exposed to the Gulf Stream to the west and lie adjacent
to the shallow flats of South Bimini (Hansell et al. 2018). The southern end of South
Bimini is also exposed to the Grand Bahama Bank to the east. The positions of the north
and south side of South Bimini suggest that there could be a higher influx of species,
nutrients, and food on the south side due to the semi-enclosed habitat of the north side.
This strategic position to the Gulf Stream and Grand Bahama Bank has resulted in a
diverse array of marine habitats from seagrass meadows, mangroves, coral reefs, sand
flats, and rock substrates (Burke 2015).
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Common shark species in the Bahamas that are known to frequent our study site
and comparable habitats are: lemon (Negaprion brevirostris) sharks, tiger (Galeocerdo
cuvier) sharks, Caribbean reef (Carcharhinus perezi) sharks, blacktip (Carcharhinus
limbatus) sharks, blacknose (Carcharhinus acronotus) sharks, bull (Carcharhinus leucus)
sharks, great hammerheads (Sphyrna mokarran), and nurse (Ginglymostoma cirratum)
sharks. This study provides an assessment of predator and prey communities across
different habitats and environmental factors. Top predators (e.g., sharks and barracuda)
are likely to influence habitat through resource exploitation, adaptations to changes in
salinity, habitat preference, interspecies competition, and abundance and distribution of
prey and other resources (Knip et al. 2010). Environmental parameters such as
temperature, salinity, and dissolved oxygen, are important factors that may impact
predator and prey species in nearshore environments (Trave and Sheaves 2014). Specieslevel responses to these factors are important given the rapidly changing environment and
the changing environment’s impacts on marine biodiversity (Schlaff et al. 2014). Major
shifts in these conditions could lead to ecosystem alteration, loss in biodiversity, and loss
of marine resources. Understanding these environmental parameters and how they impact
Bahamian ecosystems will help determine their status in the Bahamas and create a
baseline to which future changes to the environment can be judged.

Predator-Prey interactions
There are a growing number of studies that focus on prey ability to discriminate
between different predators and prey exhibiting predator-specific responses. Predatorprey interactions in aquatic biology have been intensively studied in the past several
decades, mainly focusing on predator behavior (Wetzel and Liken 1991). Predator-prey
interactions play a fundamental role in community dynamics influencing both the
behavior and population biology for most taxa. Predator avoidance decisions vary
depending on the characteristics of predator, prey, and the physical environment
(Guttridge et al. 2012; Catano et al. 2017). Risk can be determined by the abundance of
predators in the habitat and the intrinsic risk of the habitat. Intrinsic habitat risk is
determined by the habitat characteristics that influence the probability of predator-prey
interaction (non-consumptive) or death during an encounter (Heithaus and Dill 2006).
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The risk that prey will tolerate often depends on the physical environment, predator
attributes, and prey conditions. These factors include habitat cover, substrate color, light
availability, water depth, turbidity, predator hunting mode, and prey hunger state (Carrier
et al. 2004; Nagelkerken et al. 2008; Catano et al. 2017). Fish are also known to control
other organisms through predation, acting as ecosystem engineers, and are able to
mediate nutrient fluxes (Villéger et al. 2017). Species exhibit a large range of trophic
strategies from herbivory to piscivory, including various levels of omnivory, planktivory,
and detritivory (Villéger et al. 2017). Foragers must often balance conflicting needs (e.g.,
obtaining food and avoiding predation) as the highest risk zones are often the most
profitable (e.g., best food source) (Laegdsgaard and Johnson 2001). In the Florida Keys,
herbivorous fish exhibited threat-sensitive responses by decreasing their foraging near
models of great barracuda and black grouper anchored to the seafloor (Catano et al 2017).
The spatial effect of barracuda and grouper on bite rates were similar, with herbivore bite
rates increasing with increased distance from the models (Catano et al. 2017). Barracuda
suppressed herbivory by 50% at mid-day and dusk compared to dawn (Catano et al.
2017). These results stem from non-consumptive predation risk effects and the sit-andpursue predation behavior of barracuda more than time of day. In shark Bay, Australia,
cormorants are known to modify their habitat use at multiple spatial scales to avoid
predation from tiger sharks (Heithaus et al. 2009). Dugongs, dolphins, and cormorants
will avoid prey-rich areas when tiger sharks are present and opt for safer habitat
(Heithaus et al 2009). Lima and Dill (1990) had proposed habitat use decisions were
based on a combination of prey abundance and predation risk. Prey response to predators
are based on habitat coverage, resource availability, and predator abundance (Stump et al.
2017).
Prey are more likely to engage in energetically expensive avoidance behaviors for
large predators that pose a greater threat (Catano et al. 2017). Conversely, prey are more
willing to trade food for safety when their hunger (i.e., possibility of starvation)
outweighs their want for safety. Prey exhibit this ‘reward versus safety' trade-off more
when predators have a wider “zone of fear”, the area in which a predator has potential
risk effect on prey (Catano et al. 2017). Predation risk alters both behavior of prey and
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the consumption of primary producers (Catano et al. 2017). It is also possible that more
threatening predators have a greater impact on prey communities.
Apex predators, such as sharks and barracuda, often have strong top-down effects
on ecosystem components and are considered a priority for conservation and
management (Frisch et al. 2016). The top-down control predators exert on prey species
can significantly alter community structure. There is still a limitation in understanding
the dynamics of predators in regulating prey populations (Kitchell et a. 2002; Heupel et
al. 2014; Frisch et al. 2016; Roff et al. 2016b). Sharks hold an important role on coral
reefs but some studies suggest that they play a small role in trophic cascades (Roff et al.
2016b). Other studies indicate that sharks can play a significant role in top-down control
of ecosystems (Myers et al. 2007; Burkholder et al. 2013; Roff et al. 2016a). Sharks can
exert risk behavior effects that can influence lower trophic levels by disrupting their
foraging activity and habitat use, but herbivores will exhibit similar behavioral responses
to large predatory fish as well (Roff et al. 2016b). However, risk of predation is
recognized as a key ecological and evolutionary processes in many studies. Interactions
can change over time as predators mature and go through ontogenetic changes (shifts in
diet and behavior as an animal matures) (Sundström et al. 2001; Motta and Wilga 2001;
Robbins and Renaud 2016). Relyea (2003) determined prey can discriminate between
different predators and exhibit predator-specific interactions. Predators induce a wide
range of behavioral, morphological, and physiological responses in their prey. It is
possible that there will be a difference in risk behavior when faced with barracudas (sitand-pursue hunters) versus sharks (active, coursing hunters) (Catano et al. 2017). There
are also few studies of how anti-predator responses in prey vary with predator identity
and time of day. Two separate studies found that the abundance and distribution of tiger
sharks throughout the species’ range in Western Australia are likely influenced by the
availability of locally important prey (Heithaus et al. 2002; Wirsing et al. 2007;
Burkholder et al. 2013). Biotic factors such as prey density, availability, and predator
avoidance play a role in the spatial ecology and populations of sharks and other species
(Heithaus and Dill 2006; Schlaff et al. 2014). Movement of several predators were found
to be linked to prey abundance and availability. Temperature, salinity, dissolved oxygen
levels, and tide state can also influence predator abundance and movement (Abrahams et
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al. 2007; Schlaff et al. 2014; Coffey and Holland 2015), making it difficult to tease these
drivers apart.
Prey become more vigilant or leave high food habitats as sharks spend more time
there, increasing predation risk (Heithaus et al. 2002). Heithaus et al. (2002) also found
that dolphin populations were concentrated around seagrass bank edges when sharks
were present to avoid predation, rather than being evenly distributed across the shallow
habitat. Many foragers must select between foraging in food-rich habitats that are more
dangerous and habitats that are safer but have lower prey abundance (Heithaus 2005;
Heithaus and Dill 2006). Risks can be divided into categories of probability of encounter
and natural habitat risk. Spatial variation in predator encounter rates and natural habitat
risk influences the likelihood of predator and prey distributions being linked at multiple
spatial scales in a complex system of predator prey interactions.

Protective Habitat
Mangrove habitats are essential for the growth and development of many marine
fishes and are useful to many smaller species, reducing the probability of encountering
large predatory species (Newman et al. 2007; Hylkema et al. 2015). Laegdsgaard and
Johnson (2001) found that species richness and abundance of juvenile fish were higher in
the mangroves than they were in seagrass habitat, even though refuge value was equal in
both habitat types. The structure of mangroves also allows smaller fish to have increased
food accessibility. In a contrasting study, many Caribbean fish in a mangrove-seagrassreef system consumed little or no food from the mangrove habitat even when mangrove
roots were permanently submerged throughout tide cycles (Nagelkerken et al. 2008).
Caribbean island mangroves are characterized by narrow fringes providing substantial
shelter but little food availability. Nagelkerken et al. (2008) further concludes that fish
utilizing mangroves throughout the day migrate to seagrass beds at night in order to feed.
In turn, species utilizing seagrass beds during the day for shelter remain in seagrass
habitat for feeding.
There are inconsistencies within studies (Beck et al. 2001; Sheridan and Hays
2003; Newman et al. 2007; Nagelkerken et al. 2008; Hylkema et al. 2015), which make it
difficult to determine the importance of how mangroves function as nurseries, and their
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contribution to the overall life history of vertebrates and invertebrates. While mangroves
are important habitat that provide an increased food density for animal growth, tidedependent and turbid waters reduce the effectiveness of predation, and complex root
systems to reduce predator efficiency, there is evidence that other habitats may have
similar functions on species composition (Beck et al. 2001; Sheridan and Hays 2003).
Mangroves and other intertidal habitat as effective nurseries require more experimental
verification through comparing growth and survival of species in mangroves to adjacent
habitat type (seagrass, coral reef, non-vegetative flats) and the process of movement from
juvenile to adult habitat (Sheridan and Hays 2003).

Predators around Bimini
The waters around Bimini are inhabited by 13 species of sharks, during different
times of the year, and the Great Barracuda (Sphyraena barracuda). Four of the 13 species
of shark were observed during this study. According to the IUCN Red List (2017), three
of the shark species listed are near threatened: lemon (Negaprion brevirostris), blacktip
(Carcharhinus limbatus), and bull sharks (Carcharhinus leucus) (IUCN 2019). Great
barracuda are of least concern. Data deficiency is only seen in the nurse shark
(Ginglymostoma cirratum).

Sharks
Elasmobranch fishes, particularly sharks, comprise one of the most widespread
and diverse clades of marine predators, providing a model for refining predatory roles
(Heupel et al. 2014). Larger sharks are considered apex predators, with most smaller
species and small juvenile sharks being categorized as mesopredators (Heupel et al. 2014;
Robbins and Renaud 2016). Sharks are considered to play an important role in
community structure, occupying high positions in food webs, but there is conflicting
evidence of their ability to control lower trophic levels species by direct and indirect
ecological interactions (Heithaus et al. 2002; Brunnschweiler et al. 2014; Roff et al.
2016b; Bornatowski et al. 2017; Hansell et al. 2017;). Sharks exhibit a variety of hunting
methods include burst speeds and agility, while also displaying suction, ram, bite, bite
and gouge, and filter feeding methods (Motta and Wilga 2001; Robbins and Renaud
12

2016). Most marine top predators reside primarily where pelagic reef fish reside, with
sharks being particularly abundant near reef islands, atolls, seamounts, and shelf breaks
(Ketchum et al. 2014). They often exhibit inter-island movement between each of these
formations. It is important to recognize the diversity of sharks within nearshore areas
because different species have different behavior, life-histories, and influence as large top
predators (Knip et al. 2010). Understanding their foraging behavior and spatial
distribution is crucial in comprehending how they influence the behavior and populations
of their prey.

Great Barracuda
The great barracuda is an economically, culturally, and ecologically important top
predator that plays a key role in subtropical and tropical coastal marine environments
(Schlaff et al. 2014; Becker 2016). In Bimini, barracuda are commonly found near the
mangrove fringe, reefs, and shallow flats (De Sylva 1963; Newman et al. 2007).
Barracuda typically forage twice a day, feeding in shallow habitats during the early
morning and early evening (Catano et al. 2017). They will either stalk their prey or “sitand-pursue” (remaining in a fixed position) then rush to attack prey within striking
distance, which is equivalent to their body length, at velocities of ~12 m/s (26.8 mph)
(Hiatt 1947; Gray 1957; Catano et al. 2017). Barracuda are characterized to drift while
not actively feeding and lurk beneath the surface of the ocean (Hiatt 1947; De Sylva
1963). In the western North Atlantic, barracuda are observed in a variety of habitats,
including near-shore reefs, tidal flats, and pelagic environments, and the species are
thought to be an apex predator in near-shore systems (O’Toole et al. 2011; Daly-Engel et
al. 2012). Young barracuda find protection in blades of seagrass (Thalassia) and adult
barracuda are usually found in seagrass communities during high tide. Large barracuda
are also common in the areas between seagrass and sand patches fringing a reef. Adult
barracuda tend to avoid low salinity waters while juvenile species freely enter areas of
low salinity in comparison (De Sylva 1963). It is suggested that barracuda are sensitive to
sudden temperature changes, moving in and out with tidal waters, and transition from
shallow to deeper strata as they mature (Newell and Imbrie 1955; De Sylva 1963). Being
an abundant, large predator with selective habitat preference, barracuda could exert a
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strong top-down pressure on fish communities across broad areas of warm coastal oceans
(Becker 2016).

Prey around Bimini
In a BRUVs study by Burke (2015), the majority of sharks correlated with greater
density of teleosts. Some of the more prominent teleost groups around the island are
grunts (Haemulidae), porgies (Sparidae), jacks (Carangidae), wrasses (Labridae), snapper
(Lutjanidae), triggerfish (Balistidae), and silversides (Atherinidae) (Burke 2015).
Previously 128 species of teleosts were found within Bimini’s mangrove and seagrass
ecosystems in a seine study (Newman et al. 2007). These habitats are important due to
their complexity, food availability, shelter, and protection they provide from predators.
Although there is high diversity of prey communities in the seagrass community of
Bimini, mangrove habitats exhibit higher biodiversity. South Bimini has a more favorable
environment with more diversity, with many predatory juvenile species seeking the
mangroves due to higher abundance of prey (Newman et al. 2007).

Baited Remote Underwater Video (BRUV) surveys
Studies using baited videos to examine marine systems started increasing in
popularity in the mid-1990s and have become a popular technique to assess freeswimming species across the globe, particularly demersal fish communities (Hannah et
al. 2014; Whitmarsh et al. 2017). Baited remote video survey instruments consist of a
video camera inside an underwater housing mounted on a frame with a small, preweighed bait source attached to the end of a bait arm in the camera’s field of view
(Figure 1, Bond et al. 2012).
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Figure 1. Representation of BRUVs method with camera and bait source (Adapted from Indo Ocean
Project, 2017).

Deployments in reef areas are common in BRUVs research, followed by coral and
rocky habitats (Whitmarsh et al. 2014). Velocity and direction of surrounding currents are
key factors in determining fish attraction to the bait plume (Dunlop et al. 2015). The bait
plume (blood and oil runoff from the chum block) attract fish down-current of the BRUV
station and acts as an olfactory stimulus (Taylor et al. 2013). Baited remote underwater
video systems are useful in accessing a wide range of depths and habitat types with
minimal disturbance to the surrounding environment and without the aid of divers that
can influence fish behavior (Harvey et al. 2012; Schobernd et al. 2014). Several studies
employing BRUVs have been able to measure relative abundance of cartilaginous fish
(chondrichthyans) and their prey, with recent extension into assessing chondrichthyan
distribution at large spatial scales and across different habitat types, showing that BRUVs
are an acceptable method to studying sharks and prey diversity (Bond et al. 2012; Clarke
et al. 2012; Santana-Garcon et al. 2014; De Vos et al. 2015; Bond et al. 2012; Kilfoil et
al. 2017). The BRUVs passive methodology also allows for its application in fragile and
protected areas, in addition to dealing with rare and threatened species that may be
negatively affected by more invasive gear or capture methods (Cappo et al. 2004).
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Advantages
Subjects can be monitored without the potentially behavior-altering presence of a
diver seen in other survey methods (Willis et al. 2000; Mallet and Pelletier 2014).
Fisheries-dependent survey data used in stock assessment studies usually are collected
via traditional fishing gear, such as gillnets, longlines, traps, and trawls. However, these
capture methods can be limited by depth, selectivity, bathymetry with high rugosity, and
fish behavior (Campbell et al. 2015). In MPAs, assessments of relative abundance, in
many cases, must be conducted using less destructive techniques to avoid negative
population impacts (Assis et al. 2008).
Baited video-based techniques are proving useful in assessing the efficacy of
MPAs and have become a useful tool in fisheries management (Taylor et al. 2013;
Campbell et al. 2015; Dunlop et al. 2015). The BRUVs system does not require the
physical capture of animals and is cost-effective and accessible compared to methods
such as diver-based underwater visual census (UVC) and traditional fishing gear. In
comparison with traditional capture-based methods, BRUVs provide a non-destructive,
non-invasive, easy to replicate, low risk to personnel alternative sampling method and
cause minimal damage to benthic environments (Cappo et al. 2004; Cappo et al. 2007;
Brooks et al. 2011; Harvey et al. 2012; Santana-Garcon et al. 2014a; Whitmarsh et al.
2014; Kilfoil et al. 2017). Baited remote underwater video surveys have strong
monitoring potential and can provide estimates of species community composition,
relative abundance, size of individuals, and in some species, sex of individuals (Colton
and Swearer 2010; Campbell et al. 2015). Data can also include time of first arrival of
animals, maximum number of individuals viewed, standard catch per unit effort, relative
abundance, diversity, and distribution of large-bodied fish communities (Brooks et al.
2011). While UVC surveys are often able to determine the abundance and distribution of
sharks, they are limited by short survey times, species mobility habits, and may be
impacted by behavioral response to human activity, depth, and visibility limitations
(Colton and Swearer 2010; Lowry et al. 2012). When assessing species relative
abundance, BRUVs can minimize the potential impacts of diver disturbance as a more
passive methodology and may show less species bias in some communities.
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Baited remote underwater video surveys are not size selective of animals
surveyed compared to other methods and can be replicated at most depths in multiple
habitat types (Brooks et al. 2011; Taylor et al. 2013; De Vos et al. 2015). They are a
practical and simplified survey method and have become more prevalent in recent years.
In a study by Colton and Swearer (2010), BRUVs provided information on teleost species
that were not captured by demersal longlines due to the selectivity of the hooks or bait
(McLean et al. 2015). Baited remote underwater video surveys are also require less boat
time and less personnel than other methods such as longline surveys and UVCs (Willis et
al. 2000; Colton and Swearer 2010; Brooks et al. 2011). Video quality has improved over
the years, and with initial investment costs decreasing as components (cameras etc.)
become more readily available, it is now more affordable for researchers to deploy
multiple BRUVs simultaneously (Cappo et al. 2004; Harvey et al. 2007). Greater
availability increases the potential for greater replication and spatial coverage of
sampling. Baited remote videos also opportunistically observe animals that are not
interested in the bait but have just happened to swim by (Schobernd et al. 2014).
Recordings minimize observer bias and misidentification compared to UVCs (SantanaGarcon et al. 2014a). Videos also provide a permanent record of data that allows different
ecological questions to be asked at a later date (Harvey et al. 2013; Kilfoil et al. 2017).

Disadvantages
The performance of BRUVs is governed by light levels and water clarity at each
site. In deeper water, moderate levels of turbidity can drastically alter the ability to
identify and count fish in the field of view (Cappo et al. 2004). The BRUVs techniques
have shown promise in overcoming some limitations of UVC, yet they remain unable to
provide an absolute measure of density in any environment under any conditions (Colton
and Swearer 2010; Taylor et al. 2013). Identifying sex of a shark during observation is
less likely using BRUVs. Brooks et al. (2011) found that in 97.8% of longline studies,
sex was able to be determined, while only 39.8% of BRUV studies were able to
determine the sex of animals. Similarly, Mono-BRUVs are unable to determine accurate
size measurements and data quality can be limited due to the accuracy of species
identification (Brooks et al. 2011). Size measurements, however, could be determined
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using BRUVs by incorporating stereo-video techniques (Harvey et al. 2007; Brooks et al.
2011). Additionally, BRUVs have a higher time requirement in post-processing than nonbaited remote underwater video surveys, as BRUVs often attract more species and
individuals (Mallet and Pelletier 2014).
Baited remote underwater video surveys may introduce their own biases in
community assessment where carnivorous species and malnourished individuals may be
drawn to the bait where others may be missed. Users of BRUVs on shelf and coastal reefs
have ignored bait plume dispersal, the slick of blood and oil secreted by bait, and have
used inconsistent abundance indices during short sets (10 to 90 min) to estimate patterns
of relative abundance (Harvey et al. 2007). Different types of bait may influence the
numbers of individuals and species attracted to the bait and the distance over which a fish
is attracted. Seasonal, reproductive, and lunar patterns of activity in the swimming speed,
schooling behavior, and appetite of the fish presumably also affect the attraction of fish to
a bait (Harvey et al. 2007).
Attraction by similar species, presence or absence of predators, and home range
size are also factors that challenge the effectiveness of BRUVs (Harvey et al.
2007).Where there are large numbers of a single species, there may be an
underestimation of relative abundance and species richness (Lowry et al. 2012; Taylor et
al. 2013; Kilfoil et al. 2017). On the contrary, resampling of individuals may be an issue
as individual fish may be counted more than once over the course of a deployment if they
leave and re-enter the field of view, potentially inflating the sample size for certain
species (Schobernd et al. 2014; Kilfoil et al. 2017). Baited remote underwater video
surveys have been used extensively in west Australia to assess fish assemblages in
coastal and continental shelf environments where it has been determined that although
useful, there is an upper limit as to the number of individuals that can be viewed in the
frame (Willis et al. 2000; Colton and Swearer 2010). Overall, studies using BRUVs
technology are not standardized in published research deployments, with a wide
variability in the construction, experimental design, and implementation (Whitmarsh et
al. 2017). Establishment of a standardized bait type, amount, and frame design would
allow for accurate comparisons of diversity and abundance across studies (Burke 2015).
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Standard BRUVs using one camera (mono camera) may bias abundance estimates
through saturation at high densities and low detection probability for rare or cryptic
species (Lowry et al 2012; Kilfoil et al. 2017). Cameras with a restricted field of view
(FOV) may reduce detection of elasmobranchs and teleosts with non-uniform spatial
distribution around the camera (Campbell et al. 2015). For example, an area with a true
density of 10 sharks may have a maximum number of five individuals in the FOV.
Reduced detections of species and individuals will impact count data of relative
abundance through inflated zero (0) counts (Campbell et al. 2015; Cortés et al. 2015;
Kilfoil et al. 2017). Full-spherical (FS) cameras, on the other hand, provide an increase in
FOV with a 360° view, resulting in higher shark counts compared to standard mono
cameras by 12 % (Kilfoil et al. 2017). A study comparing FS and mono cameras
determined how limited FOVs of mono cameras may reduce the effectiveness of
monitoring shark populations in regions where abundances are particularly high in
addition to having a lower probability of detecting sharks at all. In any video survey, a
non-occurrence of species is marked as zero (0). However, a species may have been
present although not detected by either FS or mono cameras. This “false” absence may
lead to a bias in estimates of absolute detection probability (Kilfoil et al. 2017).

Hypotheses and Objectives
With this study, I assess the carrying levels of predation risk inherent to multiple
habitats around Bimini and their impacts on the prey community composition. I shall
investigate the change in impact of predator type (active foragers – sharks; vs ambush
predators – barracuda) on prey communities using BRUV surveys. I aim to:
1. Quantify and assess if species richness and relative abundance of prey fish
communities differ between high and low risk habitats.
•

Ho: There is no significant difference in prey fish communities
between high risk and low risk areas

•

Ha: There is a significant difference in prey fish communities
between high risk and low risk areas

2. Will prey abundance vary among sites and can a relationship of abundance
between predators and prey be made?
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a. What is the most abundant predator at each site?
b. What do the predator and prey communities look like across the different
habitats?
•

Ho1: Prey abundance does not vary among sites.

•

Ha1: Prey abundance does vary among sites.

•

Ho2: There is no relationship between abundance of predator and prey.

•

Ha2: There is a relationship between abundance of predator and prey.

3. Determine if prey species behaviors differ by predator-species (shark vs
barracuda)
a. Do prey communities show a difference in foraging/vigilance behavior in
areas of high or low predation risk.
•

Ho: There will be no significance between prey behaviors by predatorspecies.

•

Ha: There will be significance between prey by predator-species.

4. Assess a variety of environmental parameters: date and time of deployment,
current velocity (cm/s), depth (m), dissolved oxygen (mg/L), salinity (ppt), secchi
distance (m), temperature (°C), tidal phase, and habitat sampling.
a. What are the effects of environmental factors on community composition?
b. What are the effects of environmental factors between high and low risk
areas?
c. What are the effects of environmental factors on abundance of functional
groups in the two locations?
•

Ho1: There is no association between environmental factors and
community composition.

•

Ha1: There is an association between environmental factors and
community composition.

•

Ho2: There is no association between environmental factors and
abundance of functional groups in the two locations.

•

Ha2: There is an association between environmental factors and
abundance of functional groups in the two locations.
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Methods
Study Area
This study examined shark, barracuda, and teleost diversity and abundance around
the Bahamian island of South Bimini and how predator-prey interactions influence risk
behavior. This is a continuation on a previously published methodology in the system
which utilizes a larger dataset previously collected to enhance this current thesis (Burke
2015). For this study, shark, barracuda, and teleost prey diversity and abundance were
examined over a six-month period— January to June 2018. The framework of this study
is an extension of a previous study, but all data analyzed was taken only from this sixmonth period. Observations were conducted using baited remote underwater video
surveys (BRUVs) in diverse habitats (Table 1, Figure 2), using two concurrent
deployments on the north (low risk; 50 sites) and south sides (high risk; 50 sites) of South
Bimini (Figure 3). BRUVs were not simultaneously deployed within 500 m of one
another at depths ranging from 0.7-5.3 meters. Abundance at each site was compared in
order to determine if predator abundance affected prey abundance in high (south side of
South Bimini) and low (north side of South Bimini) risk environments. Although the
great barracuda is a teleost, they were classified as a predator in this experiment with the
shark species. All other teleosts were classified as prey.
Location

Habitat
Low density Thalassia and Halodule, Sargassum; patches of mangroves and
North of South Bimini sand along the shore.
Patches of low, medium, and high densities of Thalassia and Halodule,
South of South Bimini Sargassum; dense mangroves fringed along the shore.

Table 1. Sampling locations with corresponding habitat coverage.
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Figure 2. Habitat map of Bimini, The Bahamas with legend (Save Our Seas Foundation 2019).

Figure 3. Map of the 50 deployment sites on the south side of South Bimini and 50 deployment sites north
of South Bimini (Google Earth Pro 2019).
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Research was conducted at the Bimini Biological Field Station Foundation
“Sharklab” in Bimini, The Bahamas. Bimini (25°44’ N, -79°16’ W) is a marine
environment located in the tropical Atlantic comprised of two small subtropical islands,
North Bimini and South Bimini, separated by a channel, located in the Northwest corner
of the Commonwealth of the Bahamas archipelago (Figure 4B; Taylor et al. 2012; Trave
and Sheaves 2014). The islands of Bimini lay approximately 86 km (53 miles) east of
Miami, along the Gulf Stream on the western edge of the Great Bahama Banks (Figure
4A Jennings et al. 2012; Burke 2015; Hansell et al. 2017). The island provides critical
nursery habitats and food resources for many marine organisms, and many that are
important species of ecological and economic value (Trave and Sheaves 2014). Its
climatic and geographic conditions allow for the development of diverse ecological
communities such as coral reefs, seagrass beds, mangrove forests, sandflats, and banks
(Trave and Sheaves 2014). Its various ecosystems and abundant resources make Bimini
an area of rich biodiversity.
The average water temperature in Bimini is between 21-29° C annually. The
Bahamas and the Caribbean are characterized by a dry winter-wet summer pattern with a
“midsummer drought” from June-July (Taylor et al. 2012; Jennings et al. 2012). The
annual dry cool season in Bimini occurs November/December to April (21-24° C) with
the wet warm season occurring between May to November/October (27-29° C) (Taylor et
al. 2012; Newman et al. 2007). Dry and wet seasons are characterized by the amount of
rainfall and changes in the tropical Atlantic and tropical Pacific (Taylor et al. 2012). Wet
season exhibits and increase in wave action, precipitation, humidity, and other tropical
weather such as tropical depressions, hurricanes, and other storms.
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Figure 4. (A) Satellite images of Bimini, The Bahamas in relation to the Miami coast. (B) Satellite image
of both North and South Bimini, The Bahamas (Google Earth Pro 2019).

The BRUVs sampling frames at the Bimini Biological Field Station are
constructed of stainless-steel bars forming a trapezoidal shape (base of 80 x 95 cm,
height of 80 cm, and camera mount 55 cm from the ground). A removable stainless-steel
bait arm extends 1.7 meters from the camera mount with a bait box (34 cm x 20 cm x 10
cm) attached to the end. The bait box rests 50 cm off the substrate, allowing the bait
plume to remain undisturbed by obstacles and for optimal flow through the bait box
(Figure 6).

Figure 6. A standard BRUVs deployment in Bimini, The Bahamas, illustrating its design with the GoPro®
facing the bait box and the rope that leads up to the buoy (Burke 2015).
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A GoPro® camera (HERO model) was attached to the camera mount at the base
of the bait arm and used to record all organisms in the FOV. The frozen chum block
placed inside the bait box maintained a continuous bait plume in the presence of varying
water temperatures, current velocity, and feeding events. Location and environmental
parameters were recorded and the BRUV was deployed for 60 minutes for each
deployment. Menhaden chum was placed into the bait box facing downstream so species
would come into the FOV from downstream, moving up into the chum slick. Menhaden
is a bloody, oily fish in the herring family that produces a good chum slick for attracting
fish. Some studies have been done in regards to bait types and concluded that fish in the
herring family Clupeidae (sardines and menhaden) have been found to be productive as
bait fish (Cappo et al. 2006). Fish in the herring family are the most commonly used
across BRUVs studies for this reason.
Cameras were set to record in 1080p at 30 frames per second to record at the best
possible resolution for all cameras. Fluorescent surface floats marked the unit at the
surface to avoid the possibility of other vessels striking the rope or frame and to help
facilitate relocation of the equipment at the end of deployment. During deployments, the
stainless-steel frames were lowered to the sea floor from a research vessel by rope,
avoiding delicate organisms where possible (e.g., coral, sponges). Frames were removed
from the seafloor in the same manner. Video clips were stitched together using Windows
Movie Maker software (2012) to enable continuous video footage for each deployment.
To reduce observer bias, videos were reviewed in real-time by at least two observers in
the laboratory. This also ensured higher accuracy of species identification. The data
collected was used to record relative abundance, distribution, and species richness.
The date and time of deployment, location (latitude/longitude), cloud cover (%),
current velocity (cm/s), current direction (degrees), depth (m), dissolved oxygen (mg/L),
salinity (ppt), turbidity (secchi distance - m), temperature (°C), tidal phase, wind speed
(knots), wind direction, and sea state were recorded before each deployment. Habitat type
was determined during the data entering phase. North was classified as “lagoon” and
south was classified as “flat”. The bait arm was directed down current once the frame
was at the sea floor to ensure all organisms that approached were from the down-current
direction in line with the FOV (Cappo et al. 2006, Santana-Garcon et al. 2014b; Burke
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2015). The standard bait used was one-third of a frozen menhaden (Brevoortia tyrannus)
chum block (1kg) per deployment.

Instrumentation
Salinity, temperature, and dissolved oxygen were measured using a YSI
Pro2030® dissolved oxygen and salinity multiparameter instrument. Current velocity was
recorded using a mechanical flow meter (General Oceanic) with a low velocity paddle;
recorded in rotations per minute (rpm). Locations with a depth of 1.75m or greater were
recorded using a dive computer (SUUNTO).
To determine turbidity, a secchi disk was submerged parallel to the research
vessel. This parallel position is a better representation of “the visual sensory capabilities
of marine organisms attracted to the bait at that time” (White et al. 2013). The distance
was recorded as a horizontal value rather than the traditional vertical measurement. An
observer swam away from the vessel, perpendicularly on the ocean surface, while
keeping an eye on the secchi disk. Once the disk was no longer in sight, the distance was
recorded, in meters, using a measuring tape to determine visibility. This was completed
before each BRUVs deployment at the selected site. Tide charts obtained from the
National Oceanic and Atmospheric Administration (NOAA) assisted in recording tidal
phase.
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Data Set
A full-page data set structure portrays shark and teleost assemblage data, location,
time observed, number of observations, and establishment of first appearance or MaxN
(Table 2). This table shows what has been seen in the area per location. This is an
extension of previous datasets and helps to quantify the assemblage by calculating the
relative abundance of sharks, great barracuda, and teleosts. Only new data from this sixmonth study were analyzed.
Set_Code

Obs_Time

Genus

Species

BIN_N01

0:17:07

Caranx

ruber

BIN_N01

0:30:25

Ostraciidae

BIN_N01

0:10:31

Sphyraena

barracuda

BIN_N01

0:13:48

Lutjanus

synagris

BIN_N01

0:54:15

Negaprion

brevirostris

BIN_N01

1:02:12

Lutjanus

analis

BIN_N01

0:44:43

Ginglymostoma

cirratum

BIN_N01

0:48:46

Acanthurus

tractus

BIN_N01

0:45:43

Sparidae

BIN_N01

1:02:40

Scarus

vetula

BIN_N01

0:47:23

Malacanthus

plumieri

BIN_N01

0:58:10

Halichoeres

Bivittatus

BIN_N01

1:02:18

Haemulon

Plumieri

BIN_N01

0:44:43

Echeneis

Neucratoides

BIN_N01

0:44:38

Caranx

bartholomaei

BIN_N01

0:31:39

Gerres

cinereus

Common
Name
Bar jack

Measurable
1

Event_Tag
First
appearance
First
appearance
MaxN

Boxfish sp.

1

Great
barracuda
Lane
snapper
Lemon
shark
Mutton
snapper
Nurse shark

2

Ocean
surgeonfish
Porgy sp.

3

First
appearance
First
appearance
First
appearance
First
appearance
MaxN

4

MaxN

Queen
parrotfish
Sand tilefish

3

MaxN

1

Slippery
dick
White grunt

3

First
appearance
MaxN

2

MaxN

Whitefin
sharksucker
Yellow jack

1

Yellowfin
mojarra

1

First
appearance
First
appearance
First
appearance

1
1
1
1

1

Table 2. An example dataset for one deployment sorted by location, shark and teleost assemblage data, time
observed, number of observations, and establishment of first appearance (measurable = 1) or MaxN
(measurable = >1).
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Data Analysis
Baited remote underwater video recordings were reviewed after deployment. The
maximum number (MaxN) of each species in the video frame at one time for each hour
of BRUVs deployment footage was counted and recorded. Biodiversity was assessed by
the number of species present in all videos. Common name, number of observations, time
of first appearance and time of MaxN were also recorded. Functional groups were
defined as herbivorous, piscivorous, and planktivorous fish and abundance was assessed
through direct counts and compared between sites using analysis of similarity
(ANOSIM). Using ANOSIMs, functional groups were broken down into higher
taxonomic groups such as family, genus, and species (e.g., grunts, porgies) as sample size
allowed. Groups were broken down further when samples allowed in order to investigate
finer scale diversity (Burke 2015).

Composition
An ANOSIM was run using PRIMER (Clarke and Gorley 2015) to assess whether
there was a significant difference between the composition of two sites with multiple
replicates within each site. All species were categorized across both sites and a matrix
was created from the input of composition data to compare sites. Since ANOSIM analysis
showed differences in assemblages, a similarity percentage (SIMPER) analysis was used
to assess what main species differed between the groups at each of the two sites by
comparing the percentage of contribution to the total number of species (sum of MaxN
and first appearance) found in each location.

Abundance
An ANOSIM was used to compare species abundance by functional group
between high and low predation risk sites. Teleost and predator species were grouped into
feeding behavior functional groups across both sites: planktivorous, herbivorous, and
piscivorous. All species were categorized into functional groups across both sites. The
non-numeric (reef (BIN or BIS), habitat (lagoon or flat), current flow (high, medium,
low), tidal state (ebb and flow), and wind direction (N, NE, NW, S, SE, SW, E, W))
factors were combined with functional group data to determine which environmental
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factors most adequately define the data. A SIMPER analysis was used to assess which
functional group was the most dominant between the two sites and determined percentage
of contribution to the total number of groups found in each location.

Environmental Parameters
Linking biotic assemblage patterns to the “best” subsets of environmental
variables was completed using BEST analysis within the PRIMER statistical program.
The analysis is used to find the best match between the multivariate among-sample
patterns of an assemblage and the environmental variables associated with those samples.
This analysis was used to show the importance of environmental parameters (date and
time of deployment, current velocity (cm/s), depth (m), dissolved oxygen (mg/L), salinity
(ppt), secchi distance (m), temperature (°C), tidal phase, and habitat type) on the diversity
of families and higher taxonomic groupings (Burke 2015). Rank correlations within
BEST analysis showed which environmental data best characterized community
composition.

Results
There were 100 sets of environmental data from 50 locations on the north side of
South Bimini and 50 locations on the south side of South Bimini. For each location, there
were 60-minutes of video for analysis containing species abundance data. In total, there
were 120 deployments due to equipment failures and ebbing tide leaving the camera out
of water. Twenty videos were not used because multiple locations were resampled due to
these malfunctions (no environmental data due to equipment failure, video cut short due
to battery failure, or tide going below the camera). Community composition is evaluated
through a series of analyses to determine relationships between species and the
environment.

Hypothesis 1- Variation in Prey Richness and Abundance
To quantify and assess if species richness and relative abundance of prey fish
communities differed between high and low risk habitats, overall species count on North
and South sites of South Bimini were run through a t-test in R Studio. On South Bimini,
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teleost and predator species counts on the north side equaled 1,376 while the south side
contained a count of 5,723, for a total of 7,099 individuals counted. Of the total 7,099
individuals counted, 7,004 were teleosts with 1,334 south and 5,670 north of South
Bimini. The north sites contained 19.4% of the total population counted and the south
sites contained 80.6%. The mean of species south of South Bimini was 113.4 and the
mean number of species north of South Bimini was 26.7. Figure 5 below shows the
comparison of location-based prey counts of individuals.

Total Number of Individuals (MaxN)

North Side and South Side Prey Abundances
2000
1800
1600
1400
1200
1000
800
600
400
200
0
-79.31

-79.3

-79.29

-79.28

-79.27

-79.26

-79.25

-79.24

-79.23

Longitude
North Prey

South Prey

Figure 5. The comparison of number of prey species North of South Bimini (green) and South of South
Bimini (orange) at each site (N01-N50, S01-S50).

A two-sample t-test compared total abundance (North=1,376, South=5,723) data
between north and south sides of South Bimini. To evaluate the variances of the two
groups, the Fisher’s F-test was used to verify the homogeneity of variance. The variances
of the two groups (North and South) were not homogenous (p-value of < 2.2e-16. There
was a significant difference in total predator and prey communities between high risk and
low risk areas (Welch’s two sample t-test, p-value = 0.03668). The same statistical test
was run on total prey species count in low risk and high risk areas (North=1,334,
South=5,670, respectively). There was a significant difference in prey fish communities
between high risk and low risk areas (Welch’s two sample t-test, p-value = 0.03718).
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Hypothesis 2- North and South Site Prey Assemblages
For all analyses, site 24 on the north side of South Bimini was removed from the
abundance dataset and environmental dataset because zero species were counted during
video analysis. Site 43 on the north side of South Bimini was also removed as an outlier
from abundance analysis and environmental analysis. A non- metric multi-dimensional
scaling model (MDS) revealed site 43 was an infinite distance away from all other points,
creating a dense cluster of all the other sites on the graph, making the differences
indistinguishable from one another. Removal of site 43 on the north side allowed for a
more meaningful plot and a better visual representation of the data. The shark, barracuda,
and teleost count data were square root transformed. Count data was combined in excel
with non-numerical environmental factors including reef (BIN or BIS), habitat (lagoon or
flat), current flow (high, medium, low), tidal state (ebb and flow), and wind direction (N,
NE, NW, S, SE, SW, E, W). Assessing raw species abundances, transforming data
contributed in downweighing the importance of the highly abundant species so that
similarities depend on both the higher abundance values and those of less common
species (Clark et al. 2014). Bray-Curtis similarity was used to find the similarity in the
data so that an ANOSIM and MDS could be completed. Bray-Curtis coefficient has
become common in ecology as a similarity measure that creates a data matrix for the
analysis of similarity of abundance data (Clarke and Gorley 2015). Similarities calculated
on original abundance values can be over-dominated by a small number of highly
abundant species, failing to reflect similarity of overall community composition (Clark et
al. 2014).
An MDS is a graphic representation made from ranks of similarities within the
data, with an aim to represent the samples in a low-d space (2-D and 3-D). A higher input
of restarts (250) reduced the stress of making the data fit into the graph. The higher the
stress, the more the data are distorted to try to fit it. Additionally, inputs for MDS were
minimum stress of 0.01 and Kruskal fit scheme of 1. Non-metric MDS models construct
a configuration of the samples in a specific number of dimensions. Stress on the graph
less than 0.2 gives a potentially useful 2-dimentional picture. A cross-check of
conclusions were checked using ANOSIM analysis. The 2-D configuration stress
measure of the data is 0.21. The 3-D configuration stress measure is 0.16. Distances
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between the data were matched as closely as possible to relative dissimilarities based
upon the resemblance matrix. The closer the plot points are to each other, the more
similar the community composition.
The BEST (Bio-Env) procedure matches biotic data to environmental patters. The
BEST analysis uses Spearman rank correlation method, Euclidean distance resemblance
matrix data, and permutations (999) to evaluate if abundance differs among sites. Prey
abundance does differ longitudinally (North versus South) (BEST analysis, p-value =
0.01, rho = 0.187).
SIMPER analysis then broke down the Bray-Curtis similarity within each group
into prey species contribution and assessed differences between the two groups. The
groups of the north side and the south side show the contributions of each species to the
Bray-Curtis similarity within each site. SIMPER analysis (one-way factor design) was
used on raw species counts (square root transformed) to find the percent of similarity and
dissimilarities of abundance counts for each reef (North and South). SIMPER used BrayCurtis similarity, listing only higher contributing variables with a cut off percentage of
90% to avoid a long list of all species, however small their percent contribution is to the
average dissimilarity between two groups.
North Side
Average similarity: 17.15
Species
Antherinidiae
Halichoeres bivittatus
Caranx ruber
Calamus penna
Echeneis neucratoides

Av.Abund
2.26
1.01
0.34
0.26
0.24

Av. Sim
8.21
5.06
0.96
0.81
0.53

Sim/SD
0.43
0.56
0.23
0.16
0.18

Contrib%
47.88
29.51
5.26
4.70
3.10

Cum. %
47.88
77.38
83.00
87.70
90.80

Table 3. The average abundance, similarity, standard deviation, contribution percentage, and cumulative
percentage of prey species to the north side of South Bimini.

Analysis of the north side shows the contribution of each species to the BrayCurtis similarity (Table 3). The Bray-Curtis average (mean) similarity between all pairs
of sites on the north side was 17.94, primarily composed of five species: silversides
(47.8% of the total), slippery dicks (29.5% of the total), bar jacks (5.2% of the total),
sheepshead porgies (4.7% of the total), and whitefin sharksuckers (3.1% of the total).
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These species have a cumulative contribution of 91.3% of the total within group
similarity. These species are defined as typical of the north side.
South Side
Average similarity: 25.59
Species
Halichoeres bivittatus
Antherinidae
Calamus penna
Caranx ruber
Hemiramphus brasiliensis
Sphoeroides testudineus

Av.Abund
2.81
3.60
0.79
0.68
0.51
0.31

Av. Sim
14.64
3.64
2.27
1.64
0.80
0.47

Sim/SD
1.37
0.32
0.44
0.42
0.26
0.21

Contrib%
57.22
14.21
8.88
6.39
3.14
1.84

Cum. %
57.22
71.44
80.31
86.70
89.85
91.68

Table 4. The average abundance, similarity, standard deviation, contribution percentage, and cumulative
percentage of prey species to the south side of South Bimini.

The Bray-Curtis average similarity between all pairs of sites on the south side was
25.59, primarily composed of six species: slippery dicks (57.2% of the total), silversides
(14.2% of the total), sheepshead porgies (8.8% of the total), bar jacks (6.3% of the total),
ballyhoo (3.4% of the total), and checkered puffers (1.8% of the total) (Table 4). These
species have a cumulative contribution of 91.6% of the total within group similarity.
These species are defined as typical of the south side.
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The average dissimilarities between all pairs of sites is 82.02 and is made up of a
list of 31 species (Table 5). The same similarity analysis was used to determine which
predator species contributed most to the similarities and dissimilarities between sites
(Table 6, Table 7, and Table 8).
North Side and South Side
Average dissimilarity = 82.02
Species
North
Av. Abund
Antherinidae
2.26
Halichoeres bivittatus
1.01
Calamus penna
0.26
Caranx ruber
0.34
Hemirapmhus brasiliensis
0.32
Sphoeroides testudineus
0.10
Engraulidae
0.38
Ocyurus chrysurus
0.07
Haemulon plumieri
0.25
Gerres cinereus
0.28
Echeneis neucratiodes
0.24
Caranx bartholomaei
0.10
Clupeidae
0.00
Lutjanus synagris
0.20
Lutjanus analis
0.07
Thalassoma bifasciatum
0.04
Calamus pennatula
0.00
Caranx crysos
0.05
Carangidae
0.15
Lutjanus griseus
0.16
Acanthurus tractus
0.12
Tylosurus crocodilus
0.06
Eucinostomus gula
0.12
Canthidermis sufflamen
0.00
Serranidae
0.02
Echeneis naucrates
0.04
Balistes vetula
0.00
Halichoeres poeyi
0.04
Haemulidae
0.05
Platybelone argalus
0.07
Scombermorus regalis
0.00

South
Av. Abund
3.60
2.81
0.79
0.68
0.51
0.31
0.33
0.55
0.37
0.12
0.21
0.31
0.63
0.18
0.24
0.33
0.21
0.18
0.05
0.10
0.13
0.09
0.03
0.19
0.11
0.04
0.17
0.09
0.07
0.00
0.11

Av. Diss
19.25
12.02
5.04
4.22
3.87
2.26
2.22
2.00
1.98
1.97
1.89
1.79
1.48
1.39
1.37
1.19
1.00
1.00
0.98
0.94
0.76
0.65
0.63
0.61
0.59
0.50
0.48
0.47
0.47
0.45
0.43

Diss/SD
0.89
1.11
0.69
0.68
0.55
0.45
0.28
0.46
0.56
0.35
0.54
0.42
0.14
0.55
0.48
0.44
0.31
0.39
0.27
0.33
0.39
0.32
0.22
0.42
0.31
0.26
0.32
0.26
0.23
0.22
0.30

Contrib
%
23.47
14.65
6.15
5.15
4.72
2.75
2.70
2.44
2.42
2.40
2.30
2.18
1.81
1.69
1.67
1.45
1.23
1.22
1.20
1.15
0.92
0.79
0.77
0.75
0.72
0.61
0.59
0.58
0.57
0.55
0.52

Cum.
%
23.47
38.13
44.28
49.43
54.15
56.90
59.60
62.03
64.45
66.85
69.16
71.34
73.15
74.84
76.51
77.96
79.18
80.41
81.60
82.75
83.68
84.46
85.24
85.99
86.71
87.32
87.90
88.48
89.05
89.60
90.12

Table 5. SIMPER analysis of prey species contribution, in decreasing order of contribution, to the north
side and south side of South Bimini. Shows the dissimilarities between groups.

Great barracuda and lemon sharks contributed to the similarity between sites on
the north side (Table 6) and great barracuda contributed to the similarity between sites on
the south side of the island (Table 7). Additionally, piscivorous fish were the functional
group that contributed to the similarity between sites to both the north side and the south
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sides of South Bimini (over 70% of the similarity at the north and south sides), followed
by planktivorous species (Table 9, Table 10).

North Side
Average similarity: 15.91
Species
Av.Abund
Sphyraena barracuda
0.38
Negaprion brevirostris
0.28

Av. Sim
10.93
4.40

Sim/SD
0.41
0.27

Contrib%
68.70
27.66

Cum. %
68.70
96.36

Table 6. SIMPER analysis of predator species contribution to the similarity between sites on the north side
of South Bimini.

South Side
Average similarity: 23.64
Species
Av.Abund
Sphyraena barracuda
0.54

Av. Sim
22.68

Sim/SD
0.57

Contrib%
95.92

Cum. %
95.92

Table 7. The average abundance, similarity, standard deviation, contribution percentage, and cumulative
percentage of predator species to the north side of South Bimini.

North Side and South Side
Average dissimilarity =
81.31
Species
Sphyraena barracuda
Negaprion brevirostris
Ginglymostoma cirratum

North
Av.Abund
0.38
0.28
0.10

South
Av.Abund
0.54
0.11
0.09

Av.
Diss/SD
Diss
46.59 1.10
20.50 0.66
9.03
0.44

Contrib%
57.30
25.22
11.11

Cum.%
57.30
82.52
93.62

Table 8. The average abundance, similarity, standard deviation, contribution percentage, and cumulative
percentage of predator species to the south side of South Bimini.

North Side
Average similarity: 45.11
Species
Av.Abund
Piscivorous
2.46
Planktivorous
2.62

Av. Sim
32.74
10.41

Sim/SD
1.32
0.49

Contrib%
72.57
23.08

Cum. %
72.57
95.65

Table 9. The average abundance, similarity, standard deviation, contribution percentage, and cumulative
percentage of functional groups to the north side of South Bimini.
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South Side
Average similarity: 52.09
Species
Av.Abund
Piscivorous
2.46
Planktivorous
4.87

Av. Sim
32.74
8.48

Sim/SD
1.32
0.52

Contrib%
72.57
16.26

Cum. %
72.57
94.13

Table 10. The average abundance, similarity, standard deviation, contribution percentage, and cumulative
percentage of functional groups to the south side of South Bimini.

A Kendall’s rank correlation test was used to evaluate the relationship between
the abundance of predator and prey. Kendall’s rank correlation is a non-parametric test
that measured the strength of dependence between these two variables and can handle ties
(data points have identical numerical values) within the data (Neuhauser and Ruxton
2009). The Kendall’s rank p-value showed there was no relationship between abundance
of predator and prey (p-value = 0.6009).

Hypothesis 3- Prey Behavior by Predator Species
There was a total of 36 sharks and 59 barracuda that came into the field of view
(MaxN). The objective was to determine if prey species have differing behavioral
responses when in the presence of sharks versus barracudas. The definition of the
response, in this experiment, was “flight response” which was characterized by prey
species fleeing the field of view within 5 seconds of the predator appearing on screen. A
score of presence (1) and absence (0) of flight response of prey was given to each shark
and barracuda in the dataset. There were five videos containing flight responses to sharks
compared to 16 videos featuring flight responses to barracudas. The objective was to
analyze if prey responded to one predator guild over the other. There was no significance
between prey and their behaviors by predator-guild (Pearson’s chi-square test, p-value =
0.16). Within the videos containing flight responses, there were multiple flight responses
from numerous individuals of the same prey species to one individual predator. Sharks
provoked 32 flight responses overall and barracuda elicited 27 flight responses (Figure
7). There was no relationship between flight responses by predator guild (Pearson’s chisquared test, p-value = 0.07477). Prey communities also did not show a difference in
foraging or vigilance behavior in areas of high or low predation risk (Wilcoxon rank sum
test, p-value 0.3333).
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Total Number of Prey Flight Responses by Predator
Guild
Number of Responses

25
20
15
10
5
0
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Flight Respons Location
Prey Flee Response from Sharks

Prey Flee Response from Barracuda

Figure 7. Representation of prey flight responses to shark and barracuda on North and South sites.

Hypothesis 4- Environmental Effects on Community Composition
Using ANOSIM and BEST analysis, an association between environmental
factors and community composition were analyzed. An ANOSIM describes if there is an
effect of the data or not. A resemblance matrix within ANOSIM tests for assemblage
differences between groups of samples specified by the levels of a factor (Clarke and
Gorley 2006). To test environmental parameters, BEST analysis was used to find the best
match between the multivariate among-sample patterns of an assemblage and the
environmental variables associated with those samples (Clarke and Gorley 2015). The
extent of matches between among-sample patterns reflects the degree to which the abiotic
data ‘explains’ the biotic pattern (Clarke and Gorley 2006). Numerical environmental
data containing information on latitude, longitude, depth, visibility, current flow,
temperature, salinity, dissolved oxygen, wind speed, and cloud cover was normalized
within PRIMER as a measure of dissimilarity. The objective of this test was to analyze
the biotic data and how the environmental data related to community composition. The
BEST analysis assumes there is no link between biota and the environment. The BEST
analysis using Spearman rank correlation and Euclidean distance resemblance measure
produced a rho of 0.187 and a significance level of 0.012 (Table 11). The correlation of
longitude, depth, temperature, salinity, and dissolved oxygen is also 0.187 which means
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there is a significant link between biota and these environmental parameters. Biotic data
also was evaluated over north and south habitats separately. Longitude, depth,
temperature, dissolved oxygen, and wind speed were significant factors affecting
assemblage data on the north side of South Bimini (p-value = 0.003). On the south side,
assemblage data was significantly influenced by longitude, depth, and salinity (p-value =
0.011).
Parameters
Rank correlation method: Spearman
Method: BIOENV
Maximum number of variables: 5
Resemblance:
Analysis between: Samples
Resemblance measure: D1 Euclidean distance
Variables
1 latitude
2 longitude
3 depth
4 visibility
5 current_flow_estimated
6 temp
7 salinity
8 dissolved_oxygen
9 measured_wind_speed
10 cloud_cover
Global Test
Sample statistic (Rho) : 0.187
Significance level of sample statistic: 1.2%
Number of permutations: 999 (Random sample)
Number of permuted statistics greater than or equal to Rho: 11
Best results
No. Vars
5

Corr.
0.187

Selections
2,3,6-8

Table 11. BEST analysis results showing the environmental parameters that affect community composition.

The statistical analysis used to evaluate the environmental parameters described
environmental effects on abundance and also determined the best match between the
multivariate among-sample patterns of an assemblage and the environmental variables
associated with those samples (Clarke and Gorley 2015). The extent to which assemblage
and environmental patterns match reflects the degree to which the chosen abiotic data
'explains' the biotic pattern (Clarke and Gorley 2006). Using ANOSIM and BEST
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analysis, an association between environmental factors and community composition were
analyzed. Numerical environmental data containing information on latitude, longitude,
depth, visibility, current flow, temperature, salinity, dissolved oxygen, wind speed, and
cloud cover were normalized within PRIMER as a measure of dissimilarity.
A two-way crossed ANOSIM with no replicates was used to compare the reef
type (North and South) to the chosen non-numeric environmental factor. A two-way
crossed analysis tests for site effect by asking if there is commonality of the among-site
pattern across the different environmental factors (Clarke and Gorley 2015). A set
number of maximum permutations was chosen (9999) and a plot histogram was created
for each comparison. For each ANOSIM, reef had significance, while tide state, current
flow, and wind speed did not (p-values: reef = p<0.05, tidal state= 0.102, current flow =
0.592, wind direction= 0.388) The comparison of reef (North and South) to habitat type
(lagoon and flat) cannot be made because the sampling groups were too small. Reef and
habitat type have the same parameters, with North equivalent to ‘lagoon’ and South
equivalent to ‘flat’ habitat types. There is association between longitude, depth,
temperature, salinity, dissolved oxygen, and community composition, but all other
parameters are not closely associated with community composition. Reef site and current
speed were further compared graphically using an MDS (Figure 8). Comparing current
flow and reef in an ANOSIM, there is no separation between levels of the factor (p-value
of 0.592). Further, MaxN and current speed were compared using Spearman’s correlation
test in R Studio. MaxN is not related to the current speed, there is no association between
the two variables (p-value = 0.6438).
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Figure 8. Non-metric multi-dimensional scaling model representing a comparison of reef (North and
South) to current flow (high, medium, low) graphically with a 2-d stress level of 0.21.

Environmental factors of reef (BIN or BIS), habitat (lagoon or flat), current flow
(high, medium, low), tidal state (ebb and flow), and wind direction (N, NE, NW, S, SE,
SW, E, W) were combined with functional group data in order to determine if there was
an association between them. Data was square-root transformed. A resemblance matrix
with Bray-Curtis similarity was then created from these transformed data. An ANOSIM
two-way crossed analysis with replicates (chosen due to replicates within the functional
group dataset) was used to compare environmental factors and their effect on functional
group data.
An MDS of the three functional groups shows a representation of their
relationships (Figure 9). Reef was significant when compared to current flow and tidal
state, but not significant when compared to wind direction (ANOSIM p-value for reef =
0.035; 0.01; 0.13, respectively). Functional groups were different at each reef but were
not influenced by current flow, tidal state, or wind direction (ANOSIM p>0.05). There is
no association between environmental factors and abundance of functional groups in the
two locations.
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Figure 9. Non-metric multi-dimensional scaling model of functional groups: planktivorous, herbivorous,
and piscivorous fish paired with environmental factors, excluding location BIN_N24.

Discussion
The objective of this study was to establish a general baseline of predator and
prey species, assess risk-dependent prey behavior, and evaluate the effect of
environmental factors on community composition on the north and south shores of South
Bimini using BRUVs, which builds upon a previous study in the region. The use of
BRUVs provided a non-invasive and minimally disruptive approach to passively observe
predator and prey species around the tropical island of South Bimini. It was hypothesized
that prey would exhibit greater vigilance behavior as predator abundance increases along
the habitat, to mitigate their risk of direct predation. Environmental factors were also
predicted to play a role in the composition of predator and prey species in a habitat.
Individuals in each functional feeding group have developed strategies for
acquiring food such as ambush, grazing, filter feeding, and cruising movement methods
(Villéger et al. 2017). This study evaluated which functional group has the largest
aggregation at each site and what environmental factors may play a role in their
abundance.
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Abundance and Composition
In areas of high predation risk, it was hypothesized that there would either be a
high abundance of predators or low abundance of prey. In areas of low risk of predation,
it was predicted there would be high abundance of prey or low abundance of predators.
There was a significant difference in prey fish communities observed between high risk
and low risk areas, with significantly more teleost species counted at the south site—
characterized as high risk—and lower abundance of prey in areas of low risk. There was
no significance observed in predator abundance at both sites.
Analysis of species abundance at each site describes the top species contributing
to the similarity between sites on the north side and from the south side, based on a
percent contribution of 90%. Overall, there were similar community composition
between both north and south sites. Common species within each site that contribute
highly to its similarity of composition include silversides, slippery dicks, bar jacks,
sheepshead porgies, and great barracuda.
The analysis revealed that there was no relationship between abundance of
predator and prey. It was previously predicted that in areas of high predation risk, there
would either be a high abundance of predators or low abundance of prey.
There were more barracuda sightings on the south side than the north side though,
there were more shark sightings on the north side than the south side. Overall, there were
53 predators south compared to 42 predators north of South Bimini. Although the south
site was predicted to be more high risk, there was a significantly higher number of
individual teleosts counted on south than there were north. There was a higher number of
predators counted south compared to the north side, but it was not statistically significant.
Bimini is an area of high productivity with dense fringing mangroves (Newman et al.
2007). Based on the habitat map (Figure 2) there are high densities of Thalassia and
Halodule along the shores of the south side and large patches of sargassum throughout
the south, extending further south from the island. The north side of South Bimini has a
high density of Thalassia and Halodule fringed along the shoreline as well but is less
dense than on the south side. The north side also contains small patches of sargassum and
is composed mostly of medium density of Thalassia and Halodule further from the shore.
The high abundance of species on the south could be due to the higher density of seagrass
42

and sargassum covering larger areas of the study site than on the north side. There were
inlets in the mangroves on the north side of South Bimini compared to the south side
which was characterized by a stretch of mangroves along the shoreline. This organization
of the shoreline could contribute to certain predators and teleost’s favoring one
environment over the other.

Risk Behavior
Predators can influence prey through direct affects or through the cost of antipredatory behavioral responses or risk effects (Guttridge et al. 2012). The risk of being
preyed upon changes through time and space, which makes predator-prey interactions
more dynamic. Furthermore, defense strategies have the ability to influence species
fitness, community structure, and the function of an aquatic ecosystem (Villéger et al.
2017). Wetzel and Liken (1991) provided considerations for evaluating prey response
which included the behavior and energy expended for a flight response and the means by
which prey adapt and coexist with predators. Adaptation and coexistence can be
accomplished through differences in size, camouflage, aggregation of prey into larger
groups, and evasive movements (Wetzel and Liken 1991). Juvenile sharks and smallerbodied species, however, are subject to predation risk, usually from larger conspecifics.
Larger sharks tend not to engage in anti-predatory behavior as adults (Stump et al. 2017).
Teleost fish have a strong correlation between body size and risk behavior and use of
shallow waters can be size-dependent (Brose et al. 2006). Body size of an individual also
determines how long they use a refuge. Body size and risk of predation has a strong
correlation in teleost fish, showing that risk behavior can be size dependent (Guttridge et
al. 2012). Laegdsgaard and Johnson (2001) investigated size-specific selection of habitats
and determined shelter use, feeding rates, and areas of high food acquisition were related
to fish body size.
There was no relationship determined to exist in the categorical variables in the
population, they are independent. The response to sharks is independent from the
response to barracuda. There is no significance between prey and their behavior by
predator guild. Furthermore, prey behavior does not differ in low and high-risk habitats.
Even though there were more flight responses from sharks than barracuda, there was no
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statistical significance between the responses. Prey did not exhibit statistically significant
behavior towards one predator guild.

Direct Observation
Stump et al. (2017) stated that the body size at which a juvenile lemon shark
perceives reduced predation risk from a larger shark, including conspecifics, is unknown.
In the current experiment, juveniles and subadults were only seen in the same video in
one location off the north side of South Bimini. Three juvenile lemon sharks were present
until two subadult lemons passed in the back. Two of the three lemon sharks disappeared
from the field of view and one stayed by the bait box. There is no evidence that the
movement of the two juvenile lemon sharks that left was due to the presence of the larger
sharks nearby.
There were more barracudas (16) with a presence of a flight response by prey than
there were flight responses to sharks (5). However, in each video that had a flight
response, there were multiple flight responses by the same species to a shark. Both
predator species exhibited a circling behavior approaching the box multiple times in a
period of time. If the predator did not initially make contact with the bait box, it would
move closer to it with every passing. Even though there were more videos in which there
was a yes (1) response to a flight from barracuda, sharks had a higher number of prey
flight responses (27 and 32 responses, respectively). For flight response by video and
flight response for individual, there was still no significance between prey and their
behaviors by predator-guild.
Silversides are a good discriminating species for both north and south sites. A
discriminating species contributes relatively consistently to the distinction for all pairs of
sites (Clarke and Gorley 2015). They have a low standard deviation and higher ratio.
Species with a low standard deviation contribute something to the difference between the
north side and south side but does so inconsistently.
BRUVs do not always pick up every species in the area. As the south deployment
site 35 was placed in the water, a subadult lemon shark (Negaprion brevirostris) swam
by and circled within five feet of the deployment and boat until environmental data intake
was completed. After the deployment video was viewed, there was no sign of the lemon
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shark that was known to have been there. For future experiments, it could be useful to use
360° technology in order to view teleost and predator species behind and to the side of
the deployment.

Environmental Influence
Environmental heterogeneity presents challenges for organisms because an
individual's performance and overall fitness may vary under differing environmental
conditions. Research by Guttridge et al. (2012) suggests that animals assess abiotic
conditions in the environment, such as temperature, salinity, and water depth, in order to
make decisions about habitat use. This assessment is supported by Abrahams et al.
(2007) that stated dissolved oxygen and temperature are important environmental factors
which have a potential influence on predator-prey interactions. Abiotic and biotic factors
are both drivers of animal behavioral decisions (Dill and Lima 1990; Guttridge et al.
2012, Villéger et al. 2017). In several locations, worldwide, tidal state is known to affect
behavior in a number of shark species (Guttridge et al. 2012). Prey communities, along
with juvenile lemon sharks using mangrove systems, are predicted to show distinct
movement with the tidal cycle. After analyzing tide with assemblage around South
Bimini, tide was not a factor that affected assemblage data in this experiment.
Longitude, depth, temperature, salinity and dissolved are environmental factors
linked to prey abundances around South Bimini. When assessing north and south sites
individually, longitude, depth, temperature, dissolved oxygen, and wind speed were
significant factors that affected assemblage data on the north side of South Bimini. Wind
speed has partially been an influence on salinity variation affecting species assemblage in
a lagoon environment in Puerto Rico (Bruna et al. 2013). Contrastingly, longitude, depth,
and salinity were the most significant factors affecting species assemblage data south of
South Bimini.
When assessing the overall abundance data across all current flow, there were
differences in the composition between the north side and south side based on species
count but current flow, tide, and wind speed did not affect what species were present at
both sites. There was a significant association between longitude, depth, temperature,
salinity, dissolved oxygen and community composition but all other parameters were not
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closely associated with community composition. This association means longitude, depth,
temperature, salinity, and dissolved oxygen contributed to the species composition at
each site. Temperature and salinity are known abiotic factors that act as drivers of
movement in shark and ray species (Schlaff et al. 2014). It is possible that these factors
are acting together to elicit and influence in community structure, as abiotic factors rarely
act in isolation (Schlaff et al. 2014). Temperature and salinity are well-known to have
strong influence on the physiology of shark and teleosts (Schlaff et al 2014). Digestion,
reproduction, and growth are important metabolic and physiological functions that are
determined by their core body temperature which is directly controlled by the
temperature of the surrounding environment (Schlaff et al. 2014). Since temperature
plays a major role in the biological processes of sharks and teleosts, it is probable that
they are sensitive to changes in temperature. Salinity potentially has a greater influence
on nearshore species of Bimini since species that are closer to shore are exposed to
freshwater runoff that leads to higher salinity fluctuations (Schlaff et al 2014). Most
sharks are stenohaline (able to tolerate a narrow range of salinity) and may respond to
salinity fluctuations through movement in order to avoid or reduce physiological stress or
mortality when salinity falls out of the range of tolerance (Schlaff et al. 2014). It is also
possible that teleost species move in order to remain in a range of salinities that are
undesirable to predators (Schalff et al. 2014; Simpfendorfer et al. 2011). Smalltooth
sawfish (Pristis pectinata) are known to occupy salinities (18-24 psu) in estuaries that are
outside the range of bull sharks (7-20 psu) (Simpfendorfer et al. 2011). This may be to
avoid predation or to reduce energy costs associated with osmoregulation. Dissolved
oxygen is known to influence distribution and abundance of several shark and ray species
(Schlaff et al. 2014; Coffey and Holland 2015). Bull shark distribution is said to be
influenced by optimal dissolved oxygen content (Heithaus et al. 2009; Schlaff et al.
2014). Prey are also able to detect hypoxic stress within predators (Abrahams et al.
2007). Depth has been known to play a key role in movement but is usually associate
with other factors such as light availability and tide (Knip et al. 2011; Schlaff et al. 2014).
Furthermore, environmental drivers may differ between and within regions for a given
species (Schlaff et al. 2014). Distribution of bull sharks in the Caloosahatchee River in
Fort Meyers, Florida were influenced by salinity and those in the Florida Everglades were
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mostly influenced by dissolved oxygen. Species found north and south of South Bimini
may be influenced by environmental factors in different ways and are moving
accordingly to the limitations of their ranges of tolerance (Simpfendorfer et al. 2005;
Heithaus et al. 2009; Schlaff et al. 2014).
To assess functional groups at North and South sides of South Bimini, each
species was categorized as a piscivore, herbivore, or planktivore. Angelfish
(Pomacanthus arcuatus) in a marine environment are considered omnivorous and mostly
feed on sponges. Since angelfish diet also includes jellyfish and small fishes, they are
categorized as piscivorous in the functional group dataset. Sharpnose puffers
(Canthigaster rostrate) are considered omnivorous as well but mostly feed on
invertebrates (e.g., worms and shrimps) leading them to also be categorized as
carnivorous in the functional group dataset. There was a difference in composition
between the north side and south side based on functional groups. Different functional
groups are present at different reefs (north vs south) but current flow, tidal state, and
wind speed do not affect what functional groups are seen at these reefs. Piscivorous fish
were the most abundant functional group north and south of South Bimini, even though
there were more individual planktivorous teleosts counted in both sites. This is due to the
normalization of the data which evens out abundance values of highly abundant species
and rare occurrence species to assess similarities. It is possible that piscivorous fish were
more abundant than planktivorous and herbivorous fish because of their attraction to the
bait. Piscivorous fish were more targeted during the experiment than were herbivorous
and planktivorous fish.

Future Directions- Next Steps
There are still gaps in understanding how predators interact with prey and how
significant their affect is. In the future, the incorporation of 360° BRUV systems could
produce a better representation of species present at each site in Bimini, The Bahamas.
Multiple replicates at each site could also allow environmental affects to be tested against
each other at a higher level to evaluate changes in environmental parameters over time.
The species information from this study will become part of a habitat map of Bimini via
satellite, provided by Save Our Seas Foundation, and will support the Global FinPrint
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Project. In the future, more robust studies could create a more comprehensive habitat map
and a wider scope of predator-prey interactions.

Conclusion
This study has established a baseline of predator and prey species around the
island of South Bimini. This current study also examines predator-prey interaction in
regards to teleost flight response by predator guild and recognizes the need for more
information on species composition and the role that mangroves play in abundance and
distribution. Significant environmental factors that affect community composition have
identified in this study as well. Potential site-specific differences may explain the
environmental drivers of movement observed between north and south of South Bimini.
Understanding how species respond to changes in the environment is important as the
climate begins to change and take effect on marine systems. Furthermore, this study
highlights the importance of the study of sociobiology and behavioral ecology of species
in mangrove and seagrass habitat. Species reliance on mangrove systems could be a
substantial case for furthering management and conservation efforts, including
establishment of increased protection for fauna and habitat in the westernmost district of
the Bahamas.

48

Acknowledgements
I am thankful for Nova Southeastern University for providing me with the tools to
be successful in the field in order to conduct my thesis research. I would especially like to
thank my thesis committee, Dr. Derek Burkholder, Dr. Dave Kerstetter, and Dr. Mark
Bond, and my supervisor at the lab, Maurits van Zinnicq Bergmann for investing in me
and my project. They have been so supportive throughout his whole process, leading me
and guiding me throughout my years at NSU. Thank you to Dr. Rosanna Boyle for
helping me tremendously with setting me up for success during my statistical analysis
and to Glenn Goodwin and the rest of my lab mates for helping me with edits and
statistics as well. The Sharklab staff and volunteers were an integral part of my project’s
success. From long hours on the water to spending hours in the lab analyzing footage, I
couldn’t have asked for a better crew. Also, thank you to the Island of Bimini for being
an amazing home for 6 months. Last, I would like to give a special thank you to my
family and friends who have been my biggest support over the years, pushing me to
achieve all my goals.

49

References
Abrahams, M., Mangel, M., and Hedges, K. (2007). Predator-prey interactions and
changing environments: Who benefits? Philosophical Transactions of the Royal
Society B 362(1487): 2095–2104.
Assis, J., Narváez, K., and Haroun, R. (2008). Underwater towed video: A useful tool to
rapidly assess elasmobranch populations in large marine protected areas. Journal of
Coastal Conservation 11(3): 153–57.
Babcock, R., Kelly, S., Shears, N., Walker, J., and Willis, T. (1999). Changes in
community structure in temperate marine reserves. Marine Ecology Progress Series
189: 125–134.
Beck, M., Heck, Jr., K., Able, K, Childers, D., Eggleston, D., Gillanders, B., Halpern, B.,
Hays, C., Hoshino, K., Minello, T., Orth, R., Sheridan, O., and Weinstein, M.
(2001). The idetification, conservation, and management of estuarine and marine
nurseries for fish and invertebrates. BioScience 51(8): 633-641.
Becker, S. L. (2016). Spatial ecology of Great Barracuda ( Sphyraena Barracuda ) around
Buck Island Reef National Monument, St. Croix, U.S.V.I.” Masters Theses May
2014. 396.
Bond, M. E. Babcock, E.A. Pikitch, E. K., Abercrombie, D.L., Lamb, N. F., and
Chapman, D. D. (2012). Reef sharks exhibit site-fidelity and higher relative
abundance in marine reserves on the Mesoamerican Barrier Reef. PLoS ONE 7(3):
1–14.
Bornatowski, H, Angelini, R., Coll, M., Barreto, R., and Amorim, A. (2017). Ecological
role and historical trends of large pelagic predators in a subtropical marine
ecosystem of the South Atlantic.” Reviews in Fish Biology and Fisheries 28 (1):
241-259.
Bounds, J. (1978). The Bahamas tourism industry: Past, present, and future. Revista
Geográfica (88): 167–219.
Boyer, K., Fong, P., Armitage, A., and Cohen, R. (2004). Elevated nutrient content of
tropical macroalgae increases rates of herbivory in coral, seagrass and mangrove
habitats. Coral Reefs 23: 530-538.
Brose, U., Jonsson, T., Berlow, E., Warren, P., Banasek-Richter, C., Bersier, L.,
Blanchard, J., Brey, T., Carpenter, S., Blandenier, M., Cushing, L., Ali Dawah, H.,
Dell, T., Edwards, F., Harper-Smith, S., Jacob, U., Ledger, M., Martinez, N.,
Memmott, J., Mintenbeck, K., Pinnegar, J., Rall, B., Rayner, T., Reuman, D., Ruess,
L., Ulrich, W., Williams, R., Woodward, G., and Cohen, J. (2006). Consumerresource body-size relationships in natural food webs. Ecology 87 (10): 2411-2417.
50

Brunnschweiler, J. M., Abrantes, K. G., and Barnett, A. (2014). Long-term changes in
species composition and relative abundances of sharks at a provisioning site. PLoS
ONE 9(1): 1–10.
Bruno, D. O., Barbini, S. A., de Astarloa, J. M., and Martos, P. (2013). Fish abundance
and distribution patterns related to environmental factors ina choked temperate
coastal lagoon (Argentina). Brazilian Journal of Oceanography 61 (1): 43-53.
Burke, P.(2015). Use of baited remote underwater video surveys to assess the diversity
and distribution of elasmobranchs and their communities in Bimini, Bahamas.
Masters Theses: 1–35.
Burkholder, D., Heithaus, M., Fourqurean, J., Wirsing, A., and Dill, L. (2013). Patterns of
top-down control in a seagrass ecosystem: could a roving apex predator induce a
behaviour-mediated trophic cascade? Journal of Animal Ecology 82: 1192–1202.
Campbell, M. D., Pollack, A. G., Gledhill, C. T., Switzer, T. S., and DeVries, D. A.
(2015). Comparison of relative abundance indices calculated from two methods of
generating video count data. Fisheries Research 170: 125-133.
Cappo, M., Harvey, E., and Shortis, M. (2007). Counting and measur- ing fish with
baited video techniques—an overview. In: Lyle JM, Furlani DM, Buxton CD (eds)
Cutting edge technologies in fish and fisheries science. Australian Society for Fish
Biology Workshop Proceedings, 28−29 August 2006, Hobart, 101−114.
Cappo, M., Speare, P., and De’Ath, G. (2004). Comparison of baited remote underwater
video stations (BRUVS) and prawn (Shrimp) trawls for assessments of fish
biodiversity in inter-reefal areas of the Great Barrier Reef Marine Park. Journal of
Experimental Marine Biology and Ecology 302(2): 123–52.
Carrier, J., Musick, J, and Heithaus, M. (2004). Biology of sharks and their relatives.
CRC Press LLC: 487-521.
Casula, P., Wibly, A., and Thomas, M. (2006). Understanding biodiversity effects on
prey in multi-enemy systems. Ecology Letters 9: 995-1004.
Catano, L. B., Barton, M. B., Boswell, K. M., and Burkepile, D. E. (2017). Predator
identity and time of day interact to shape the risk–reward trade-off for herbivorous
coral reef fishes. Oecologia 183(3): 763–73.
Clarke, C., Lea, J., and Ormond, R. (2012). Comparative abundance of reef sharks in the
Western Indian Ocean. Proceedings of the 12th International Coral Reef
Symposium, Cairns 13: 9–13.
Clark, K. R., Gorely, R.N. (2006). PRIMER v6: User manual/ tutorial. PRIMER-E:
Plymouth.
51

Clark, K. R., Gorely, R.N. (2015). PRIMER v7: User manual/tutorial. PRIMER-E:
Plymouth.
Clark, K. R., Gorely, R.N., Somerfield, P. J., Warwick, R. M. (2014). Change in marine
communities: An approach to statistical analysis and interpretation, 3rd edition.
PRIMER-E: Plymouth.
Coffey, D. and Holland, K. (2015). First autonomous recording of in situ dissolved
oxygen from free-ranging fish. Animal Biotelemitry 3: 47.
Colton, M. A., and Swearer, S. E. (2010). A comparison of two survey methods:
Differences between underwater visual census and baited remote underwater video.
Marine Ecology Progress Series 400: 19–36.
Cortés, E., Brooks, E. N., Shertzer, K. W. (2015). Risk assessment of cartilaginous fish
populations. ICES Journal of Marine Science 72: 1057−1068.
Daly-Engel, T. S., Randall. J. E., and Bowen, B. W. (2012). Is the Great Barracuda
(Sphyraena barracuda) a reef fish or a pelagic fish? The Phylogeographic
Perspective. Marine Biology 159(5): 975–985.
De Sylva, D. P. (1963). Systematics and life history of the great barracuda, Sphyraena
barracuda (Walbaum). Studies in Tropical Oceanography 1: 1–179.
De Vos, L., Watson, R., Götz, A., and Attwood, C. (2015). Baited remote underwater
video system (BRUVs) survey of chondrichthyan diversity in False Bay, South
Africa. African Journal of Marine Science 37(2): 209–18.
Duarte, C. M., Marbà, N., Gacia, E., Fourqurean, J. W.,3 Beggins, J., Barrón, C., and
Apostolaki, E. T. (2010). Seagrass community metabolism: Assessing the carbon
sink capacity of seagrass meadows. Global Biogeochemical Cycles 24(GB4032): 18.
Dunlop, K. M., Ruxton, G. D., Scott, E. M., and Bailey, D. M. (2015). Absolute
abundance estimates from shallow water baited underwater camera surveys; A
stochastic modelling approach tested against field data. Journal of Experimental
Marine Biology and Ecology 472: 126–34.
Frisch, A. J. Ireland, M., Rizzari, J., Lonnstedt, O. M., Magnenat, K. A., Mirbach, C. E.,
and Hobbs, J. A. (2016). Reassessing the trophic role of reef sharks as apex
predators on coral reefs. Coral Reefs 35(2): 459–72.
Granek, E., Compton, J., and Phillips, D. (2009). Mangrove-exported nutrient
incorporation by sessile coral reef intervebrates. Ecosystems 12: 462-472.
Gray, James. (1957). How fishes swim. Scientific Amereican 197 (2): 48-54.
52

Guttridge, T. L., Gruber, S. H., Franks, B. R., Kessel, S. T., Gledhill, K. S., Uphill, J.,
Krause, J., Sims, D. W. (2012). Deep danger: Intra-specific predation risk influences
habitat use and aggregation formation of juvenile lemon sharks Negaprion
Brevirostris. Marine Ecology Progress Series 445: 279–91.
Haas, A. R., Fedler, T, and Brooks, E. J. (2017). The contemporary economic value of
elasmobranchs in The Bahamas: Reaping the rewards of 25 years of stewardship and
conservation. Biological Conservation 207: 55–63.
Hannah, R. W. and Blume, M. T. (2014). The influence of bait and stereo video on the
performance of a video lander as a survey tool for marine demersal reef fishes in
oregon waters. Marine and Coastal Fisheries: Dynamics, Management, and
Ecosytem Science 6: 181-189.
Hansell, A. C., Kessel, S. T., Brewster, L. R., Cadrin, S. X., Gruber, S. H., Skomal, G. B.
Guttridge, T. L. (2017). Local indicators of abundance and demographics for the
coastal shark assemblage of Bimini, Bahamas. Fisheries Research 197: 34–44.
Harvey, E. S. Cappo, M., Butler, J. J., Hall, N., and Kendrick, G. A. (2007). Bait
attraction affects the performance of remote underwater video stations in assessment
of demersal fish community structure. Marine Ecology Progress Series 350: 245–
254.
Harvey, E. S., Newman, S. N., McLean, D. L., Cappo, M., Meeuwig, J. J., Skepper, C. L.
(2012). Comparison of the relative efficiencies of stereo-BRUVs and traps for
sampling tropical continental shelf demersal fishes. Fisheries Research 125–126:
108–120.
Harvey E., McLean D. L., Frusher S., Haywood M., Newman S., Williams A. (2013).
The use of BRUVs as a tool for assessing marine fisheries and ecosystems: a review
of the hurdles and potential. Fisheries Research and Development Corporation and
The University of Western Australia, Perth.
Heck Jr., K and Wetstone, G. S. (1977). Habitat complexity and invertebrate species
richness and abundance in tropical seagrass meadows. Journal of Biogeography 4:
135-142.
Heithaus, M., L. Dill, G. Marshall, and B. Buhleier. (2002). Habitat Use and Foraging
Behavior of Tiger Sharks (Galeocerdo Cuvier) in a Seagrass Ecosystem. Marine
Biology 140(2): 237–48.
Heithaus, M. R. (2005). Habitat use and group size of pied cormorants (Phalacrocorax
Varius) in a seagrass ecosystem: Possible effects of food abundance and predation
risk. Marine Biology 147(1): 27–35.
Heithaus, M., and Lawrence, D. (2006). Does tiger shark predation risk influence
53

foraging habitat use by bottlenose dolphins at multiple spatial scales? Oikos 114:
257–264.
Heupel, M. R., Knip, D. M., Simpfendorfer, C. A., and Dulvy, N. K. (2014). Sizing up
the ecological role of sharks as predators. Marine Ecology Progress Series 495:
291–98.
Hiatt , Robert W. (1947). Food-chains and food cycle in Hawaiian fish ponds.—Part 2.
Biotic interaction. Transactions of American Fisheries Society, for 1944, 74: 262280.
Hylkema, A., Vogelaar, W., Meesters, H., Nagelkerken, I., and Debrot, A. (2015). Fish
species utilization of contrasting sub-habitats distributed along an ocean-to-land
environmental gradient in a tropical mangrove and seagrass lagoon. Estuaries and
Coasts 38: 1448-1465.
IUCN. (2019). The IUCN red list of threatened species. Version 2018-2.
http://www.iucnredlist.org
Jennings, D. E., BiBattista, J. D., Stump, K. L., Hussey, N. E., Frannks, B. R., Grubbs, R.
D., and Gruber, S. H. (2012). Assessment of the aquatic biodiversity of a threatened
coastal lagoon at Bimini, Bahamas. Journal of Coastal Conservation 16(3): 405–28.
Ketchum, J. T., Hearn, A., Klimley, A. P., Penaherrera, C., Espinoza, E., Bessuda, S.,
Soler, G., and Arauz, R. (2014). Inter-island movements of scalloped hammerhead
sharks (Sphyrna Lewini) and seasonal connectivity in a marine protected area of the
eastern tropical pacific. Marine Biology 161(4): 939–51.
Kholis, N., Patria, M. P., and Soedjiarti, T. (2017). Composition and diversity of fish
species in seagrass bed ecosystem at Muara Binuangeun, Lebak, Banten. AIP
Conference Proceedings 1862(030119): 1-5.
Kilfoil, J. P., Wirsing, A. J., Campbell, M. D., Kiszka, J. J., Gastrich, K. P., Heithaus, M.
R., Zhang, Y., Bond, M. E. (2017). Baited remote underwater video surveys
undercount sharks at high densities: Insights from full-spherical camera
technologies. Marine Ecology Progress Series 585: 113-121.
Kitchell, J. F., Essington, T. E., Boggs, C. H., Schindler, D. E., and Walters, C. J. (2002).
The role of shark sand longline fisheries in a pelagic ecosystem of the Central
Pacific. Ecosystems 5: 202-216.
Klumpp, D. W., Salita-Espinosa, J. S., and Fortes, M. D. (1992). The role of epiphytic
periphyton and macroinvertebrate grazers in the trophic flux of a tropical seagrass
community. Aquatic Botany 43: 327-349.
Knip, D. M., Heupel, M. R., and Simpfendorfer, C. A. (2010). Sharks in nearshore
54

environments: Models, importance, and consequences. Marine Ecology Progress
Series 402: 1–11.
Knip, D. M., Heupel, M. R., Simpfendorfer, C. A., Tobin, A. J., Moloney, J. (2011).
Ontogenetic shifts in movement and habitat use of juvenile pigeye sharks
Carcharhinus amboinensis in a tropical nearshore region. Marine Ecology Progress
Series 425: 233–246.
Laegdsgaard, P., and Johnson, C. (2001). Why do juvenile Ffish utilise mangrove
habitats? Journal of Experimental Marine Biology and Ecology 257(2): 229–53.
Lima, S. L., and Dill. L. M. (1990). Behavioral decisions made under the risk of
predation: A review and prospectus. Canadian Journal of Zoology 68(4): 619–40.
Lowry, M., Folpp, H., Gregson, M., and Suthers, I. (2012). Comparison of baited remote
underwater video (BRUV) and underwater visual census (UVC) for assessment of
artificial reefs in estuaries. Journal of Experimental Marine Biology and Ecology
416–417: 243–53.
Luttbeg, B. and Trussell, G. (2013). How the informational environment shapes how prey
estimate predation risk and the resulting indirect effects of predators. The American
Naturalist 181(2): 182-194.
Malcolm, H., Jordan, A., Schilt, A. L., Smith, S., Ingleton, T., Foulsham, E., Linklater,
M., Davies, P., Ferrari, R., Hill, N., and Lucieer, V. (2016). Integrating seafloor
habitat mapping and fish assemblage patterns improves spatial management
planning in a marine park. Journal of Coastal Research 75 : 1292-1296.
Mallet, D. and Pelletier. (2014). Underwater video techniques for observing coastal
marine biodiversity: A review of sixty years of publications (1952–2012). Fisheries
Research 154: 44-62.
Marine Conservation Institute. (2019). North Bimini marine protected area.
http://www.mpatlas.org/mpa/sites/68807540/
McLean, D. L., Green, M., Harvey, E.S., Williams, A. Daley, R., Graham, K. J. (2015).
Comparison of baited longlines and baited underwater cameras for assessing the
composition of continental slope deepwater fish assemblages off Southeast
Australia. Deep-Sea Research Part I: Oceanographic Research Papers 98: 10–20.
Motta, P. J., and Wilga, C. D. (2001). Advances in the study of feeding mechanisms,
mechanics and behaviors of sharks. Environmental Biology of Fishes 60(3): 131–56.
Myers, R. A., Baum, J. K., Shepherd, T. D., Powers, S. P., and Peterson, C. H. (2007).
Cascading effects of the loss of apex predatory sharks froma coastal ocean. Science
315 (5820): 1846-1850.
55

Nagelkerken, I., Blaber, S., Bouillon, S., Green, P., Haywood, M., Kirton, L., Meynecke,
J., Pawlik, J., Penrose, H., Sasekumar, A., Somerfield, P. (2008). The habitat
function of mangroves for terrestrial and marine fauna: A review. Aquatic Botany
89(2): 155–85.
Neuhauser, M. and Ruxton, G. (2009). Round your numbers in rank tests: Exact and
asymptotic inference and ties. Behavioral Ecology and Sociobiology 64: 297-303.
Newman, S. P., Handy, R. D., and Gruber. S. H. (2007). Spatial and temporal variations
in mangrove and seagrass faunal communities at Bimini, Bahamas. Bulletin of
Marine Science 80(3): 529–53.
Newell, N. D., and Imbrie, J. (1955). Biogeological reconnaissance in the Bimini area,
Great Bahama Bank. Transactions of the New York Academy of Sciences Series 2
18(1): 3-14.
Orth, R. J., Carruthers, T. J., Dennison, W. C., Duarte, C. M., Fourqurean, J. W., Heck
Jr., K. L., Hughes, A. R., Kendrick, G. A., Kenworthy, W. J., Olyarnik, S., Short, F.
T., Waycott, M., and Williams, S. L. (2006). A global crisis for seagrass ecosystems.
BioScience 56 (12): 987-996.
O’Toole, A. C., Danylchuk, A. J., Goldberg, T. L., Suski, C. D., Philipp, D. P., Brooks,
E., and Cooke, S. J. (2011). Spatial ecology and residency patterns of adult great
barracuda (Sphyraena Barracuda) in coastal waters of The Bahamas. Marine
Biology 158(10): 2227–2237.
Relyea, R. A. (2003). How prey respond to combined predators: A review and an
empirical test. Ecology 84 (7): 1827-1839.
Robbins, W. D., and Renaud, P. (2016). Foraging mode of the grey reef shark,
Carcharhinus Amblyrhynchos, under two different scenarios. Coral Reefs 35(1):
253–60.
Robertson, A. and Duke, N. (1987). Mangroves as nursery sites: Comparisons of the
abundance and species composition of fish and crustaceans in mangroves and other
nearshore habitats in tropical Australia. Marine Biology 96: 193-205.
Robertson, A. and Duke, N. (1990). Mangrove fish-communities in tropical Queensland,
Australia: Spatial and temporal patterns in densities, biomass and community
structure. Marine Biology 104: 369-379.
Roff, G., Doropoulos, C., Rogers, A., Bozec, Y., Krueck, N., Aurellado, E., Priest, M.,
Birrell, C., and Mumby, P. (2016a). The ecological role of sharks on coral reefs.
Trends in Ecology and Evolution 31(5): 395–407.
Roff, G., Doropoulos, C., Rogers, A., Bozec, Y., Krueck, N., Aurellado, E., Priest, M.,
56

Birrell, C., and Mumby, P. (2016b). Reassessing shark-driven trophic cascades on
coral reefs: A reply to Ruppert et al. Trends in Ecology and Evolution 31(8): 587589.
Rosenberg, D. M., McCully, P., and Pringle, C. M. (2000). Environmental effects of
hydrological alterations. BioScience 50 (9): 746-751.
Santana-Garcon, J., Braccini, M., Langlois, T., Newman, S., McAuley, R., and Harvey,
E. (2014a). Calibration of pelagic sterio-BRUVs and scientific longline surveys for
sampling sharks. Methods in Ecology and Evolution 5: 824-833.
Santana-Garcon, J., Newman, S., and Harvey, E. (2014b). Development and validation of
a mid-water baited stero-video technique for investigating pelagic fish assemblages.
Journal of Experimental Marine Biology and Ecology 452: 82-90.
Schlaff, A. M., Heupel. M. R., and Simpfendorfer, C. A. (2014). Influence of
environmental factors on shark and ray movement, behaviour and habitat use: A
review. Reviews in Fish Biology and Fisheries 24(4): 1089–1103.
Schobernd, Z. H., Bacheler, N. M., Conn, P. B., and Trenkel, V. (2014). Examining the
utility of alternative video monitoring metrics for indexing reef fish abundance.
Canadian Journal of Fisheries and Aquatic Sciences 71(3): 464–471.
Sheridan, P., and Hays, C. (2003). Are mangroves nursery habitat for transient fishes and
decapods? WETLANDS 23(2): 449-458.
Simpfendorfer, C. A., Yeiser, B. G., Wiley, T. R., Poulakis, G.R., Stevens, P.W., Heupel,
M.R. (2011). Environmental influences on the spatial ecology of juvenile smalltooth
sawfish (Pristis pectinata): Results from acoustic monitoring. PLoS One 6(2): 1–12.
Stump, K. L., Crooks, C. J., Fitchett, M. D., Gruber, S. H., and Guttridge, T. L. (2017).
Hunted hunters: An experimental test of the effects of predation risk on juvenile
lemon shark habitat use. Marine Ecology Progress Series 574: 85–95.
Suchanek, T. H., Williams, S. L., Ogden, J. C., Hubbard, D. K., and Gill, I. P. (1985).
Utilization of shallow-water seagrass detritus by Caribbean deep-sea macrofauna:
δ13C evidence. Deep Sea Research 32(2): 201-214.
Sundström, L. F., Gruber, S. H., Clermont, S. M., Correia, J., de Marignac, J. (2001).
Review of elasmobranch behavioral studies using ultrasonic telemetry with special
reference to the lemon shark, Negaprion Brevirostris, around Bimini Islands,
Bahamas.” Environmental Biology of Fishes 60(1–3): 225–50.
Taylor, M. D., Baker, J., and Suthers, I. M. (2013). Tidal currents, sampling effort and
baited remote underwater video (BRUV) surveys: Are we drawing the right
conclusions? Fisheries Research 140.
57

Taylor, M. A., Stephenson, T. S., Chen, A. A., Stephenson, K. A. (2012). Climate change
and the Caribbean: Review and response. Caribbean Studies 40(2): 169-200.
Thayer, g., Colby, D., and Hettler, Jr., W. (1987). Utilization of the red mangrove prop
root habitat by fishes in south Florida. Marine Ecology - Progress Series 35: 25-38.
Trave, C., and Sheaves, M. (2014). Bimini islands: A characterization of the two major
nursery areas; status and perspectives. SpringerPlus 3(1): 270.
Villéger, S., Brosse, S., Mouchet, M., Mouillot, D., and Vanni, M. (2017). Functional
ecology of fish: current approaches and future challenges. Aquatic Sciences 79(4):
783-801.
Ward-Paige, C. (2017). A global overview of shark sanctuary regulations and their
impact on shark fisheries. Marine Policy 82: 87–97.
Wetzel, R. and Likens, G. (1991). Predator-prey interactions. Limnological Analyses: 241245.

White, J., Simpfendorfer, C. A., Tobin, A. J., and Heupel, M. R. (2013). Application of
baited remote underwater video surveys to quantify spatial distribution of
elasmobranchs at an ecosystem scale. Journal of Experimental Marine Biology and
Ecology 448: 281–88.
Whitfield, A. (2017). The role of seagrass meadows, magrove forests, sal marshes and
reed beds as nursery areas and food sources for fishes in estuaries. Reviews in Fish
Biology and Fisheries 27: 75-110.
Whitmarsh, S. K., Fairweather, P. G., and Huveneers, C. (2017). What is big BRUVver
up to? Methods and uses of baited underwater video. Reviews in Fish Biology and
Fisheries 27(1): 53–73.
Willis, T. J., Millar, R. B., and Babcock,R. C. (2000). Detection of spatial variability in
relative density of fishes: Comparison of visual census, angling, and baited
underwater video. Marine Ecology Progress Series 198: 249–60.
Wise, S. (2014). Learning through experience: Non-implementation of protected area
conservation in The Bahamas. Marine Policy: 111-118.
Wirsing, A. J., Heithaus, M. R., and Dill, L. M. (2007). Can measures of prey availability
improve our ability to predict the abundance of large marine predators? Oecologia
153(3): 563–68.
Woon, G. (2015). Why no North Bimini marine reserve?
http://www.thebahamasweekly.com/publish/local/Why_NO_North_Bimini_Marine_
Reserve44142.shtml
58

